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PREFACE

The concept and obj ectives of this synposium
were not new, only the cosponsors. The first
synmposi um enphasi zing contributions from wonen
scientists was held in 1983. The increasing nunber
of wonen in natural resources and the USDA Forest
Service's commitnent to promote, enhance, and
endorse civil rights suggested that the timing was
right for a second synmposium to bring together
wormen in natural resources research to present
their research findings. This time the format was
changed.  An opportunity was presented to wonen and
men to contribute oral or poster papers as well as
to hear presentations from invited speakers.

To announce the synposium information was
sent to many professional journals in an effort to
reach researchers in universities, governnent
agencies, and forest industry. This was undertaken
by the Program Conmittee, consisting of:

Susan V. Kossuth

Principal Plant Physiol ogist

Sout heastern Forest Experinent Station
University of Florida, Gainesville

Nancy A. Pywell
Assistant Professor of Forestry
School of Forest Resources
and Conservation
University of Florida, Gainesville

Sharon G Haines

Section Leader, Soils Research
International Paper Conpany

Bai nbri dge, Georgia

We have many individual s and organizations to
thank for the success of the synposium  First,
special thanks to Jerry A Sesco, Director, South-
eastern Station, for creating the opportunity for
the synposium for his quiet behind-the-scenes

support and encouragenent, for financial backing,.
and for serving as a buffer against critics by
responding to their comments without bogging down
the Program Committee. Thanks go to Arnett C

Mace and C P. Pat Reid, University of Florida,
School of Forest Resources and Conservation
(SFRC), for their full endorsement in cosponsor-
ship of the symposium  Thanks to Thomas F. Geary,
USDA Forest Service, International Forestry, who
was instrunmental in announcing the synposium

worl dwide, resulting in the attendance of several
women from foreign countries. A special thanks to
Max Peterson, Chief of the Forest Service, for his
positive comments in the Keynote Address. W wish
to acknow edge the neticul ous work of Mbnica

Li ndberg, University of Florida, SFRC, who handl ed
registration and financial arrangements. Appreci-
ation is extended to Jefferson-Smurfit Conpany for
the afternoon tour "Southern Forestry in Action."”
Thanks also to many unnanmed people in civil

rights, personnel offices, and adninistrative
positions in universities, governnent, and

i ndustry who supported the synposium by encour-
aging and supporting participants from their
respective organizations. Finally, we wish to
thank the speakers and participants who cane and
fulfilled beyond all expectations the objectives
of the synposium as outlined in the opening

Overvi ew.

Papers published in this proceedings are as
they were subnitted by the authors--in camera-
ready form Authors are responsible for the
content and accuracy of their papers. Statenents
by contributors outside the USDA Forest Service
may not necessarily reflect Departnent policy.

SUSAN V. KOSSUTH
NANCY A, PYVELL
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OVERVI EW

Susan V. Kossuth

The first synposium of this kind grew out of
the creative thinking of scientists at the USDA
Forest Service, Northeastern Station, and de-
vel oped with strong support fromthe enlightened
managenent of their Director, Denver Burns.
Margaret M Harris of the Northeastern Station and
Ann M Spearing of the University of Vermont at
Burlington made the concepts and ideas of the
symposium a reality to me and many others in
attendance at that first neeting on Septenber l6-
17, 1983. This second synposiumoriginated in an
informal discussion | had with Jerry Sesco,
Director of the USDA Forest Service, Southeastern
Station. He was concerned that | not feel alone
and isolated as the only woman Project Leader and
scientist in the Forest Service in Florida. W
di scussed opportunities for contact with other
wonmen scientists. | comented on the synposium
hel d at Burlington in 1983 because there | nade
new friends and |earned about conpanionship of
wonen in research that is different from conpan-

ionship of wonen with nen in research. In the
nonths after the first synposium| changed ny
whol e concept of "women in forestry." The tining

was right and the opportunity was created.

Many woren, |ike me in 1983, do not even
recogni ze that they need neetings such as this.
By attending such synposia, they are working to
obtain full status as professionals in natural
resources. Meetings that enphasize wonen in
natural resources raise the consciousness |evel
that they are indeed professionals. For those of
us with a Ph.D., "full status" neans the "rights,
privileges and prerogatives thereof"--and it nust
be a two-way street. W give our loyalty, tinme,
and energies to our institutions; our enployers
must respond in kind. This synposium testifies
to the fact that the day of the "token woman" is
gone and that wonen indeed belong right where
they are, in the jobs in natural resources that
they | ove.

So why are we here? W are here because in-
creasingly wonen are being given equal enpl oynment
opportunities in the profession: wonen are highly
conpetitive, they have a lot to offer the profes-
sion, and they are changing the workforce. Thus,
wonen are making a statenent. Times have changed
in the United States, and the natural resources
profession is out of balance in regard to the
ratio of men to wonen. This conference represents
worren who are working in the profession and bring-
ing it into balance. Wonen in natural resources
research cover the spectrum They graduate from
universities to the Forest Service and ot her
governnent enploynent, to industry or private
enterprise, and to faculty and other research
positions in universities.

There are many objectives for this synposium
The first is to focus on wonmen scientists and
their research findings. O inportance, this is
to be acconplished in the sane manner as it woul d
be at national or international meetings wthin
each discipline. The second is to establish
comuni cation |inks among wonmen and nen who are
interested in helping wonen obtain and remain in
enpl oyment in which to grow, to devel op, to nake
contributions, and to advance in their careers.
Some call this networking. The third mjor ob-
jective is to involve wonen graduate students so
they can neet women who are already on the re-
search career ladder. They need to know wonen are
a positive force that is needed in this area of
scientific endeavor called forestry and natural
resources. This synposium is an excellent oppor-
tunity to see wonen as active professionals, and
where graduate students may find role nmodels or
mentors. Natural resources is a satisfying
profession and it needs the support of wormen to
remain a strong, vital, and dynanic enterprise in
these great United States. Each one here may add
other reasons for attending and, whatever they
are, we are happy you cane and hope you come away
wi th much nore than you gave--the same as | did
from the first synposium in Burlington, Vernont.



WOMEN IN NATURAL RESOURCES

R. Max Peterson. Chief, Forest Service
U.S. Department of Agriculture

ABSTRACT . ..The importance of the work being shared at this
conference is not that it was produced by women, but that

it is a contribution to science. Conferences that spotlight
the high quality of work being done by women scientists will
help breakdown stereotypes and encourage other women to
pursue excellence in professions previously dominated by
males. As we move closer to the goal of equal opportunity we
must not lose respect for individual differences. It is

the diverse backgrounds of a well-integrated society that
provide unique perspectives, insights, and solutions to the

challenges we face.

I am delighted to be here, and honored to be
the keynote speaker at this conference. [ am
impressed with the depth and breadth of the
papers being presented. The topics are certainly
worthy of widespread review. It is both
encouraging and disappointing that papers of this
caliber are being presented at a conference
primarily aimed at and organized by women. 1
look forward to the day when the number and
quality of scientific contributions by women is
so much a part of major scientific events that a
separate seminar would simply not be considered
necessary or appropriate.

This conference is encouraging because it
provides a showcase for the high quality work
being done by women in natural resource
management and research. It also provides an
opportunity to celebrate the fact that there are
an increasing number of women scientists who are
making significant contributions to forest
science.

The history of women in science is long and
illustrious, dating back at least to Madame
Curie®s pioneering contributions to the study of
magnetism, radiation, and atomic structure and as
recent as the success of Rita Levi-Montalcini
(LEVI MONT-ALCHEENEE), who, along with her
partner Stanley Cohen, received this year®s Nobel
Prize for Medicine for their work studying cell
growth and the orderly development of tissue.

By the way, 1 think there is an interesting
side note to these two examples lused. Madame
Curie was educated in Poland but couldn®"t find
work as a scientist until she moved to France and

married Pierre Curie. In other words, the
hurdles to overcome for a female researcher were
almost insurmountable then. If her husband had

not sponsored her, it is doubtful that she would
have been given the opportunity to make the
contributions she made.

In the more recent example, Ms.
Levi-Montalcini said that she had to do most of

her early research at home. Her ethnic
heritage did not allow her to take the same
path to success that her research partner
took.

Fortunately for all of us, despite the
fact that these two great scientists dia suffer
discrimination, they were able to overcome
adversity. That brings me to the first point
I'd like to make today--a society that allows
or encourages contributions from scientists
from only one sex, or race, or ethnic
background is doing itself a great disservice.
Its progress as a society will assuredly be
retarded.

We face many important challenges in the
area of natural resource management. We need
the best scientists, the best researchers, the
best minds searching for solutions that will
allow this and future generations to prosper.
And we need the push for excellence that only
comes from open competition to move up
organizational ladders or to get financial
grants, or to receive other opportunities and
recognition.

That open competition has been a long time
coming in professional and scientific
organizations that traditionally were dominated
by white males, and the Forest Service was no
exception.

1 promise | won"t go on at length about
our numerical success in providing
opportunities for women--1 feel that ticking
off numerical strength often displays more
about an organization®s failure than it"s
success--any number that doesn"t display full
equality is really a reflection of how far we
have yet to go! Nevertheless, for the sake of
reference, Ido want to provide some
statisitical accounting of the progress women
are making in developing careers in natural
resource sciences.



The Tfirst woman scientist hired by the
Forest Service, Eloise Gerry, undertook wood
structure research at the Forest Products
Laboratory in 1910--the same year the Laboratory
was established. IN1978, Susan Kossuth became
the first woman to head a Forest Service research
project. That was a long time coming!

It was 1932 before a woman graduated with a
degree in forestry. She found employement in
biology, since the notion of women actually
working in forestry was still too radical to
entertain.

The Tfirst woman professional forester was
hired by the Forest Service in 1957--eight years
after 1 started work in the Forest Service. That
was a long time in coming too! To finish the
milestones, the Ffirst female District Ranger was
selected in 1979, and the first female Forest
Supervisor was appointed in 1985.

How long before we have our first female
Chief? Well, there"s no doubt in my mind that
one of my successors will be a woman.

The examples of slow progress that I1°ve just
cited all pertained to the Forest Service.
However, the track record for other government
agencies, universities, and private businesses
could be written in the same lackluster manner.

Fortunately, women are making great strides
today in the natural resource sciences and are
assuming their rightful place as innovators,
managers, and leaders. However, the true success
story cannot be found by simply examining how
many women-or other minorities are entering the
natural resource sciences.

That success must be measured not by how we
treat everyone as equals--1 see providing
equality as a moral and ethical
responsibility--but by how well we acknowledge
and use everyone"s unique talents and knowledge.
For today, 1°d like to focus attention on open
competition, not only as a moral imperative, but
as a contribution toward our social well-being.

As women, Blacks, Hispanics, Asians, Native
Americans, and other minorities first started
moving into the sciences, the emphasis was not on
learning from them, but in Ffitting them into
positions that were once held almost totally by
white males. We often missed the boat by not
taking advantage of the new resources being made
available for the benefit of us all--qualified
professionals with a particular perspective, with
particular insights, and with unique solutions to
challenges we faced.

1 think the benefits to be achieved from
equal opportunity are especially important in the
natural resources sciences. We have a good
understanding of basic scientific principles.
What we don"t know is who will, or how someone
will, take these basic principles, rearrange them
according to their unique vision, and realize a
major breakthrough in solving current problems.

No one can really predict these kinds of
scientific breakthroughs. No one picked
Einstein out as a child who would someday
provide major insights into how our world
operates. Even now, no one knows what caused
him to visualize the reality of e:m(:z, but
where would the discipline of physics be today
if Einstein had been prevented from working in
his chosen science?

1 said earlier that | was delighted to be
here. The reasons transcend my position as
Chief, and they transcend my career in the
Forest Service. Some of those reasons can be
traced to my role of father of three daughters
and one son. As a parent, 1 felt that my
childrens' aspirations and capabilities should
not be limited or shaped by their sex. |
think that"s the real underlying message of
this conference.

A society doesn"t reach its potential
until all of its members have the opportunity
to reach their potential. Freedom means thdt
a minimum of restrictions are placed on the
individual. The number of women in natural
resource sciences is not representative of the
number of women in our society. 1 think this
is due in part to the fact that, in the past,
women were not encouraged to enter the
sciences. So some of the problems we face go
back to elementary and high school.

Research has shown that our expectations
of others play a large role in determining
behavior. For example, teachers who were told
that a class they were about to start teaching
was composed of very bright students tended to
have a class that excelled. Similarly, if we
expect that we can attract top-notch women in
science, we will attract more top-notch female
students.

When 1 was in school, relatively few
women studied natural resource sciences or
engineering ... they weren"t expected to!
There were no women foresters, engineers, or
other scientists in my graduating class.

Women were in the traditional schools of
journalism, nursing, education, and so on.
Perhaps conferences such as this will raise
all of our expectations.

Without downgrading the seriousness of
the obstacles in your paths, 1 think some
obstacles for women are self-imposed, just ds
they are for men. In my job, 1 get asked by a
lot of people about career planning. I aid a
videotape setting out my basic advice, and it
should be widely available--at least in each
of the Forest Service®s Regions and Stations.
If you haven"t seen it, 1 hope you"ll ask to
have it shown. Because my advice pertains to
women as well as men, I'dlike to share some
of my career counseling thoughts with you.



When ycu're trying to build a career, 1
recommend you look at what the organization or
field of study is likely to need in terms of
future talent. For example, if an organization
will be going through an expansion, it will
reward those employees who are flexible and fast
learners. If an organization is stable or if it
is yoing through a period of austerity, it will
seek out those employees who have built a breadth
and depth of expertise that will allow jobs to be
done more effectively. If an organization must
deal with high priority national problems such as
acid rain, it will seek out people who are
adaptable and have an interest in helping provide
solutions.

A second bit of advice | would pass on is
that nothing succeeds like success. To find out
how you can benefit your career, talk to people
who have been successful. Find out the
ingredients of their success. 1 think each
successful person will tell you some of the same
things, such as:

1. It"s important to work as part of the

team.

2. It"s important to be able to communicate
well, including [listening. Interpersonal skills
are important in every position in an
organization.

3. It"s important to have a positive
attitude. There®s an old saying, "Smile and the
world smiles with you."” There®s a lot of truth
to that. No one advocates being blind to
difficulties, but successful people tend to see
the difficulties as challenges to be overcome,
not problems to run from. As a variation on the
notion of positive thinking, 1°m sure each of you
has been in a situation where someone else got
credit for your work, or someone else with the
same qualifications got a better deal than you.
It happens. Everyone gets imposed on at some
time. How you handle such situations may be
important to your success. Cynicism and
pessimism are poisons to good ideas and good
people.

Another piece of advice | pass on to people
trying to build a career is that you need an
orientation to the future. Traditions are
important. Integrity is a must. Respect for
other individuals is essential, but the one thing
you can"t do if you want to move forward is to
live in the past. It"s always a mistake to think
a situation is temporary, and someday we can all
go back to the "good old days." You can"t. The
successful people are moving toward tomorrow and
helping lead the way.

A final bit of advice for people, both men
and women, who are interested in building a
career is that you must develop a broad
orientation or perspective to your work.

Whatever your job is, it"s important to
understand the nature of your organization; how
others fit into the picture--what their
responsibilities are; and how many different
jobs or tasks compose your particular field of
endeavor.

There®s a popular notion that if you are
going to advance in your career, you must learn
more and more about your particular field.
That"s not always true. The climb up the
career ladder is not always a straight line. 1
think the opportunity of gaining a broader
perspective is one of the side benefits to the
interdisciplinary process increasingly used
both in research and in operating programs. by
working together, you can learn the concepts,
ideas, and scientific principles of several
disciplines. There is a cross-fertilization of
skills and abilities. It is sometimes
surprising to see the benefits of working with
others.

A good example is in the field of medicine
and electronics. Who would have thought years
ago that someone with an }.D. degree would go
back to school to study electronics, or be
working closely with an electrical engineer to
jointly analyze problems and seek solutions?
Or, who would have thought that an electrical
enyineer would have to learn about how the
human body functions to work effectively with a
medical team? Today, the pacemaker and
electronic and nuclear diagnostic equipment are
just examples of the synergism of
interdisciplinary  approaches.
interdisciplinary  approaches.

There®s one other major topic 1 want to
cover here today. That is the notion that
while we strive for open competition and
equality, we must not lose respect for
differences. Managers have a very difficult
job in this regard. They must recognize
differences in a constructive way without
appearing to create separate categories. There
are differences between how men and women, or
individuals from various ethnic backgrounds,
will function on a job.

Within the last year, 1 was at a meeting
and one of the District Ranyers came to me and
told me that we have another "first" in the
Forest Service--our first pregnant District
Ranger. She was pregnant, and she told me
about some of her plans, such as working with
her assistant to appoint an Acting Ranger
during her maternity leave. So we hdd a new
situation we had to deal with, and there are a
lot of those that Gifford Pinchot never had to
deal with. So we couldn®"t look at traditional
approaches. This didn"t mean it was a serious
problem—-it was merely a new one.



We have to ask what we can do so women are
not forced to make a decision between having a
career or having a family. Of course, when
concessions are made in this direction, the
question arises about the rights of men to also
be given time off for paternity leave.

We have to ask what can be done to lessen
the trauma of a career move in a two-career
family. In this regard, we"ve launched a dual-
career family policy which makes it possible that
if one member transfers, the other is found
appropriate employment in the new location.
However, this presents the possibility that the
dual-career family policy penalizes the single
person. With the number of dual-career Tfamilies
at an all-time high, and with a growing number of
people delaying marriage to build a career, you
can see the difficulty of the questions we are
facing.

1 am looking forward to hearing some of the
other speakers present their papers. The scope
of this conference indicates that we have made
good progress in achieving our goal of equal
opportunity. Let me highlight some of the ideas
1"ve presented today.

While the theme of the conference is women
in science, the importance of the work being
shared here is not only that it was produced by
women, but that it is a contribution to science.
The challenges we face in the natural resource
sciences are too difficult for us to exclude any
element of society from the search for solutions.

1 also mentioned that in our race to achieve
statistical success, we sometimes overlook a more
critical value in having people with diverse
backgrounds working together--that is, that
diversity allows for a cross-fertilization and
expansion of ideas.

1 tried to offer some key points 1 have
found useful in building a professional life, and
I discussed some of the dilemmas we face as we
try to find solutions that will provide equal
opportunities for all.

Once again, let me congratulate all of you
for putting together a very impressive
conference. By spotlighting the accomplishments
of some of our women scientists, you are
encouraging others to follow in their footsteps.



Use of Models in Resource Managenent'

Kat herine C. Ewel2

Abstract. --Use of nodels for resource nmanagenent

is increasingly appropriate because of the grow ng
conplexity of resource managenent issues. Three
factors linmt the conplexity of npdels that are
constructed to address these issues: the amunt of
informati on necessary to construct and sinulate
the nodel; inherent error in the integration
process; and the advisability of restricting the
range of turnover times of the state variables
that conprise the nodel. Mbdel s that describe
only one or two basic processes in an ecosystem
such as deconposition, may be useful in spite of
their sinmplicity. More conplex nodels that
describe entire ecosystens are often nost useful
if they are part of an on-going research project.
Mdel s of entire |andscapes nay be |ess conplex
than ecosystem nodel s because of greater
aggregation of state variables, but they are
useful nonetheless for exploring managenent
inplications.

Keywords: Sinulation nodel, non-linear
differential equations, integration error,
aggregation

Wth increased population pressure and a
shrinking land base, resource nmanagenent has
become nore dependent on active nanipul ation not
only of ecosystems but often of entire |andscapes,
even for maintenance of "natural" conditions. The
ability to do this, however, requires-an
under standi ng of sinultaneously interacting
factors such as climate variables, primary and
secondary productivity, nutrient cycles, water
availability, and fire frequency, as well as the
perturbations introduced by nanagenent. It can be
extremely difficult, however, to perform the
necessary integration nentally. Wth increased
availability and diversity of conputers, the
ability to conceptualize, to express
mat hematically, and to explore the multitude of
rel ationshi ps anpbng conponents in managed and
natural ecosystenms, watersheds, and even
| andscapes has increased greatly.

These interactions can be explored effectively
by constructing and sinulating conputer nodels. A
nodel is an abstraction of reality: a
sinplification of a conmplex system The
mat hemati cal nodels that | will discuss are sets
of non-linear differential equations that express
inflows and outflows from the conponents (state
variables) that conprise a unit of the I|andscape,
such as an ecosystem that is assumed to be
di screte. Simul ati on of such a nodel for
exploring resource mamnagenent practices requires
estimating the magnitudes of the state variables
and their flows and expressing the precise
rel ationships anong the state variables and other
factors (such as climte) that govern them

lPresented at the Synposium on Current Topics in
Forest Research: Enphasis on Contributions by
Wonen Scienti sts.

2Pr of essor of Forestry, University of Florida,
Gai nesville, FL 32611.

SCOPE AND USEFULNESS OF MODELS

The conplexity of a nodel should be limted as
nmuch as possible to ensure its useful ness. Two
factors set these linmts. First, each interaction
and/or process that is included in a nmodel nust be
described in the equation, and its nagnitude nust
be estimated. Because equations for npst state
variables contain at least two flows (usually
more), each of which may include one or nore
interactions with other components, the amunt of
information required to support the equations
mounts rapidly as the nunber of state variables
increases. Second, there is usually no precise
anal ytical nethod for solving systems of nonlinear
differential equations. (The major exception is
use of an analog conputer, which usually linmts
the size and conplexity of a nodel.) Using a
digital conmputer is inherently inaccurate,
requiring discrete tine steps rather than
i nstantaneous solutions. Although the amount of
integration error can be reduced by selecting
small time steps and/or sophisticated integration
routines, rounding error also accunulates at each
integration, at least partially offsetting any
i ncreased accuracy. Consequently, a larger nodel
carries the potential for greater cunulative
error. Because the relative inportance in the
nodel of feedback nechanisms, such as predation,
and forcing functions, such as climte variables,
may vary, there is no straightforward association
between the accuracy of a npdel and its
conplexity. Nevertheless, it is clear that a
nodel er should relinquish sinplicity with great
reluctance.

A nodel should be constructed so that its state
variabl es have turnover tines that are
approxi mately the sane order of magnitude.
Equations sinulating the behavior of state
variables with widely varying turnover tines
(e.g., algae and trees) are called "stiff"
equations, and they nmay be unstable, not providing



any useful information about the real system Two
approaches for incorporating such state variables
are available. A portion of a nodel can be
excised as a subroutine and solved with a
different time step, e.g., an hourly

phot osynthesis nodule in a nodel that includes
annual changes in plant biomass. But it is then
difficult to allow the sinmulated processes in the
subroutine to interact significantly with the rest
of the nodel, and the two becone fairly

i ndependent . Moreover, the subroutine with the
shorter turnover time, which is ostensibly
introduced to increase accuracy, may in fact be
subject to greater error because of integration
error, as described above. The second approach is
to incorporate state variables with short turnover
times into a general, aggregated state variable
(e.g., including phytoplankton and macrophytes as
“plant biomass" in a lake nodel). The risk is in
losing details that may be significant (such as
the relationships between phytoplankton and
consuners that may change in very short time
periods). Unfortunately, there is no easy nethod
for selecting the appropriate level of resolution;
the choice nust be based on the system being
similated and the issues or questions that the
model is intended to address.

Lack of a data base should not deter nodel
construction. Cearly, a strong data base and
i ndependent validation are necessary if a nodel is
to be used to establish actual managenent

the range of behavior patterns a system may follow
under a variety of possible values for both state
variables and processes, providing insight into
the structure and function of an ecosystem as well
as direction for further research efforts.
Consequently, the purpose of the nodel should be
consi dered before judgenment is nade about the
extent of its data base.

Mdel s may therefore differ in conplexity, the
scal e of processes that are included in them and
the anmount of data that support them  The
strategy of deternining the appropriate |evel of
conpl exity, deciding on the appropriate time and
geographic scales, and dealing with a large or
smal | data base nust be deternined for each nodel.
Five nodels that describe a broad range of
conplexity (1 - 21 state variables) are outlined
in Table 1 and are described below to illustrate
these points.

PROCESS MODELS

Al though many resource managenent nodel s may
focus on specific ecosystens, sinple nodels that
describe inportant processes within an ecosystem
may be of interest to resource managers. (One of
the first ecological models to be sinmulated (d son
1963) describes the process of litter
deconposi tion:

practices. However, a nodel may also illustrate dQ/de = -k * Q
Table 1. State variables included in five resource management nodels.
PROCESS MODEL ECOSYSTEM MODELS LANDSCAPE MODELS
Litter Florida Pine Fl ori da Commrer ci al Tr opi cal
Decomposi tion Pl antation Lake For est Wt er shed
Labile biomass Pine foliage Phyt opl ankt on Fol i age Land in forest
Refractory Pine stens Macr ophyt es Stenms and branches Land in coffee
bi omass and branches Macr ophyt e Coarse roots Land in pasture

Pine coarse roots

Shr ubs

Her bs

Litter and hunus

P in pine foliage

P in pine stens
and branches

P in pine roots

P in shrubs

P in herbs

Pinlitter

Avai | abl e
inorganic P

Total inorganic P

Soi | water

Deep aquifer

storage organs
Epi pelic al gae
Zoopl ankt on
Benthic invertebrates
Omi vorous fish
Adult primary
predator fish:
bi omass and nunbers
Young primary
predator fish:
bi omass and nunbers
Adult secondary
predator fish:
bi omass and nunbers
Young secondary
predator fish:
bi omass and nunbers
Nunber of white amur
Particul ate dead
organic matter
Detritus
Pin detritus
I norganic P:
epilimion and
hypol i mi on

Fine roots

Litter and humus
Soil organic matter
Understory

Human popul ation
Soil nmoisture
Sedi nent s



This general nodel defines the deconposition
constant, k, as an index of the rates at which
dead organic matter (Q) decays and, indirectly,
nutrients may be remneralized in the litter
layer, a fairly discrete subsystem of nany
ecosyst ens. The accuracy of this nodel is
increased by the use of two state variables rather
than one (see Table 1): labile organic matter (A),
whi ch decays rapidly, and refractory organic
matter (B), which consists primarily of structural
naterial and decays nore slowy:

dA/dt = -k, * A

1 dB/dt = -k, * B

2

This sinple npbdel was used to denonstrate the
apparent inpact of wastewater disposal on foliage
quality as well as on deconposition rate (Dierberg
and Ewel 1984). However, doubling the nunmber of
state variables also doubles the nunber of
estimates necessary for sinmulation: the proportion
of each of the conponents as well as the decay
rate of each. This two-variable nodel has also
been used to establish confidence bands for
estimates of the two decay rates that describe the
deconposition process (Portier and Ewel 1981).

ECOSYSTEM MODELS

Constructing and sinulating a nodel of an entire
ecosystem may serve any or all of three purposes:
to test the feasiblity of hypotheses about
ecosystem dynanics; to determine priorities for
future research by examining the behavior of the
conmponents of a nodel; and to predict the
consequences of proposed nmnagenent practices.
Consequently, the data base required for a nodel
may range fromminimal to extensive based on the
degree of use that the nodel may receive.

A nodel of a mamnaged slash pine (Pinus elliottii

Engel m) plantation was constructed over a period
of several years, as the information about
magni t udes of carbon and nutrient storages and the
nature of the interactions anpbng carbon,
phosphorus, and water cycles slowy increased.
The earliest version of the nmpdel (Ewel et al.
1978) was devel oped from a very snall data base
and an understanding of basic ecosystem processes.
Expansion of the npodel as the data base increased
improved the resolution of this nodel (Table 1;
Gol ki n and Ewel 1984), and pi npoi nted bel owgr ound
processes as the nost inportant target for future
research. Further development has led to a
partially validated, 1-yr version of the nodel
that continues to serve as a tool for setting
research priorities and nmay eventually become a
nmanagenent tool .

When data-gathering and nodel building are
si nul t aneous, nodel devel opnent nay be nuch nore
rapid, and all three goals nay be realized. The
carbon and phosphorus dynamics in a Florida |ake
that had been invaded by an exotic aquatic plant
(Hydrilla verticillata Royle) were sinulated as
part of a large-scale research effort that
included documentation of annual patterns in water
quality and plant and ani nal popul ations. By
incorporating into a single nodel the dynanics of
nmej or groups of plant and animal popul ations, dead

organic matter, and organic and inorganic forns of
phosphorus (see Table 1), it was possible to
deronstrate that addition of a fish that eats
aquatic weeds could increase the biomass of
benthic invertebrates and of game fish such as
bass, increase the water quality, and increase
turnover rate of carbon in spite of decreased
phot osynthesis rates (Ewel and Fontaine 1982,
1983). Once validated, such a nodel could be used
to determne specific nmanagement strategies for
aquatic weed control.

This nodel, however, contains state variables
that span a wide range in turnover tines: from 2
hr for carbon incorporated in phytoplankton to 29
days for carbon incorporated in omivorous fish;
turnover tinmes for inorganic dissolved phosphorus
and for detritus represent an even broader range.
The conbination of wdely varying turnover tines
and the danmping of programmed climate factors by
the aqueous environnent decrease the stability of
the nodel, particularly when it is sinulated for a
long tine, and therefore conpromse its usefulness
for exploring a broad range of potential
menagenent strategies. The pine plantation nodel
has a greater probability of usefulness for
nmanagenent because the ecosystem is structurally
nore sinple, and hence easier to express in a
model , and because of the inportance that climte
plays in regulating inflows, outflows, and rates
of processes in the structure of the nmodel.

The usefulness of these ecosystem nodels is not
restricted to nmmnagenent, however. The results
also outline the general patterns and magnitudes
of carbon, nutrients, and water cycles, serving as
a basis for conparison not only with sinmilar
ecosystens but ampbng ecosystem types as well. The
foll owing general carbon budgets derived from the
two ecosystem nodels described above denpnstrate
the differences in nmgnitude and apportionnent
that can occur:

Fl ori da Fl ori da

Conponents and Processes Pi ne Forest Lake

Live plant biomass (t/ha) 8.0 0.4
Gross pz}maEX productivity

(t ha yr 7) 2.1 1.1
Plant respiration (t ha_lyr_l) 1.2 0.7
Increasglin_}ive bi onass

(t ha "yr ) 0.8 0

. -1 -1

Grazing (t ha “yr 7) 0 0.1
Detritu§1pr9?uction

(t ha yr y 0.2 0.4

LANDSCAPE MODELS

Expanding an ecosystem nodel to incorporate the
patterns found throughout a |andscape need not
require increased conplexity. An aggregated
version of the slash pine nodel was constructed to
explore the inplications of different kinds of
forest managenent practices on large scale carbon



storage patterns in commercial forests (Table 1).
Nutrient and water cycles were onitted, replaced
by factors in the carbon fixation term that
account for fertilization and latitudinal changes
in evapotranspiration. Simulating this relatively
sinpl e model (seven state variables and 1-yr age
classes for the pines) resulted in a broad
spectrum of uses, from verifying a hypothetical
deconposition rate for soil organic matter
(Cropper and Ewel 1983) to predicting the

magni tude of decline in carbon storage patterns
that could be expected if Florida plantations were
intensively managed for biomass production
(Cropper and Ewel in press). The nodel was
sufficiently general to be applied to a simlar
analysis of the inpacts of forestry practices on
carbon cycling in the Pacific Northwest (Cropper
and Ewel 1984). Although this general a nodel
cannot conpensate for site-to-site differences
anmong individual forests, it expresses the general
patterns that can be observed in a |landscape. Its
data base is stronger than the ecosystem nodels,
in part because it is nuch sinpler. Its breadth
in geographic scope is matched by a long time-
scale. Wthout having been validated, it has
suggested potential long-term effects of resource
managenment strategies on global carbon storage
patterns.

Many processes that can be expressed in
consi derable detail at the ecosystem level can be
aggregated at the landscape level. A nodel
simlating population growh and related changes
in land use patterns in a large tropical
wat ershed, and their inpacts on sedinmentation in a
proposed downstream reservoir in the Doninican
Republic was constructed by assenbling sinple
model s of population growth, land use change, and
wat er bal ances (Table 1; Antonini et al. 1975).
This nodel had only six state variables. The data
base was sufficient to program historic |and use
changes, population growh, and climte. Al though
it was too general to predict the specific
lifetime of the reservoir, the nodel was useful
for conparing relative inpacts of a series of
governnent policies, such as controls on forest
harvesting, other land use conversions, and
enigration, that would affect population and |and
use in the watershed. It demonstrated the
inportance of interactions anmong different
conmponents of the landscape in determining the
i npacts of managenent strategies.

CONCLUSI ONS

Neither the degree of conplexity nor the
availability of data need define the useful ness of
a nodel in resource managenent. Very conplex
nodels with only a small data base can be useful
in setting research priorities; as the data base
broadens they becone nore useful for interpreting
research data. Very sinple nodels, on the other
hand, can accurately describe general behavior
patterns of a portion of an ecosystem or of an
entire |andscape. It is also clear, however, that
mich of the responsibility for making best use of

a nmodel rests on the shoulders of the nodeler. A
nodel shoul d not be expected to be nore than an
abstraction of reality, but it can clearly serve
as a useful tool in probing reality.
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Advances In Mdeling Silvicultural Treatments

In Loblolly Pine Stands'

Marilyn A Buford'

Abstract .--Accurate prediction of stand growh and
yield requires a thorough understanding of the
effects that various silvicultural treatnments have
on stand structure and devel opnent. Tree inprove-
ment, thinning, site preparation and fertilization
have been shown to change the shape and/or |evel of
growth curves. Therefore, nodeling success can be
best achieved where enphasis is placed on the
effect of those treatments on the basic rel a-
tionships underlying stand growth and devel opnent
and validation against long-term data.

Many silviculturalists are interested in treat-
ments or conbinations of treatments that increase
production efficiency. Efficiency is inproved if
there is a reduction in production cost per unit
of a desired quality. For a forest crop, that
reduction can be neasured directly in dollars.
Costs associated with a silvicultural regine
include the operational costs of cultural treat-
ments, costs of installing studies to docunment
treatnent effects, costs of waiting for opera-
tional or research results, and costs of taking a
wrong action. These costs make mathematical
nodel s of stand growth necessary tools for pro-
jecting probable treatment effects and resulting
yields. To be useful for extrapolation, a nodel
nust reflect observed or quantified behavior of
stands over the long term This paper briefly
outlines loblolly pine (Pinus taeda L.) stand
behavi or and reviews several recent advances in
nodel ing silvicultural treatnments in loblolly pine
stands.

BEHAVI OR OF LOBLOLLY PI NE STANDS

Mich of what is known about the devel opment of
loblolly pine stands is derived fromlong-term
observations in density-control studies installed
at very early ages in natural stands and from
planted spacing studies. Exam nation of long-term
results provides nuch information about the
effects of height growh, initial density, and the
interaction of these factors in stand devel opnent.

The followi ng are observations fromloblolly
pine stands of the same initial density:

a. Stands on poor sites contain nore trees
per acre than stands on better sites at the same
age (Figure 1);

bh. At the same mean height of doninant trees,
stands on better sites contain nore trees per acre
than stands on poorer sites (Figure 2); and

c. Better sites can support higher basal areas
than poorer sites.

|Present ed at the Synposiumon Current Topics in
Forest Research - Enphasis on Contributions by
Wnen Scientists. Novenber 4-6, 1986.
Gainesville, Florida.
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Savannah Hi ghway, Charleston, SC 29407.

10

Gven the same site quality, basal areas and vol u-
nmes produced fromstands of different initial den-
sities converge, cross over, and decline (Figure
3).

Mean annual increnments of both volume and basal
area culninate earlier on better sites than on poor
sites and at higher initial densities than at |ower
initial densities. These observations and trends
are apparent in the conpiled information from long-
term density studies (Balner et al. 1975, Harms
and Lloyd 1981, Gilmore and Gregory 1974, Arnold
1978, Arnold 1981, Sprinz et al. 1979, Hafley et
al. 1981, Buford and Hafley 1985, Harns and Langdon
1976).

TREATMENTS

Silvicultural treatnments have three classes of
goals: 1) manipulating the tree directly by gene-
tic inprovenent, 2) inproving the conpetitive
environnent by thinning or weed control and 3)
inproving the chemcal and physical environnent by
site preparation or fertilization. Advances in
nodel i ng these treatments rest on determining their
effect on relationships basic to stand
devel opnent .

Tree | nprovenent

Using long-term block-planted genetic studies to
investigate the effects of tree inprovenent on
loblolly pine stand dynam cs, Buford (1986) and
Buford and Burkhart (1985) found that: 1) for seed
sources and famlies, the shape of the height-age
curve is dictated by the site, but the level of the
hei ght-age curve is dictated by the seed source or
famly (Fig. 4); 2) for seed sources and families,
the shape of the height-dianeter relationship at a
given age is determined by the site and initial
density, while the level of the height-dianeter
relationship is determned by the seed source or
famly and is directly related to the doninant
hei ght of the seed source or fanmly at that age;
and 3) if silvicultural treatments are the same and
are equally successful, variances of height and
dianeter in stands originating from selected geno-
types are not different from those in genetically
uni mproved stands. The inplications for nodeling
growth of stands originating from sel ected genoty-
pes are: 1) genetic inprovenent of trees affects
the rate at which stands devel op, but does not fun-
damentally alter the pattern of stand devel opnent
from that of uninproved stands; 2) changes in gene-
tic material on a given site will likely affect the
level, but not the shape, of basic associations
such as the height-age and height-di aneter rela-



Lionships; and 3) correctly characterizing the
height-age profile is crucial. In general, growh
of genetically inproved |oblolly pine can be

nodel ed by altering the height-age curve in
current growth and yield nodels Lo reflect dif-
ferences in the level, or site index, attained by
different sources or famlies (Buford and Burkhart
1986). AL present, there is a major effort Lo
identify key hypotheses about dynamics of stands
of genetically inproved stock and Lo determ ne the
nost efficient experinental neans Lo test those
hypot heses (Nance et al.. 1986).

Thi nni ng

Several diameter distribution models have been
devel oped whi ch include a thinning conponent.
Thinning is acconplished by truncating the
di ameter distribution or by rermoving certain pro-
portions of stems from specified diameter classes.
Hei ght is predicted froma height-dianmeter
equation and is not anong the thinning criteria.
Exanples of this type of nodel are given by Matney
and Sullivan (1982) and Cao et al. (1982).

An individual tree nodel treats the stand as
an aggregrate of separate trees, each having spe-
cific characteristics. Such a model for loblolly
pine stands was presented by Daniels and Burkhart
(1975). In this nmodel, thinning was acconplished
by reroving individual s neeting specified criteria
from the diameter distribution. Al though the
i ndi vi dual hei ghts are known, height was not used
in thinning decisions. In the nodels discussed
above, stand parameters are not functions of ini-
tial density or spacing, but of the nunber of sur-
viving trees at any given Line.

A nodel for thinned stands mathematically
derived froma nodel for unthinned stands was pre-
sented by Hafley and Buford (1985). The stand is
nodel ed as a bivariate distribution of heights and
diameters with stand characteristics predicted
fromage, initial density, and domi nant height.
The nodel shows the convergence of basal area and
volune observed in long term density studies.

Thi nni ng was acconpl i shed by manipul ating the
bivariate distribution so that thinning decisions
are based on height and dianeter. The nodel was
val i dated using data fromlong-termthinning stu-
dies. It closely predicted height and dianeter
distributions for 25 years after thinning under
various regines (Smth and Hafley 1986). Key

deci sions made in devel oping this nodel were that
the growth of all stand characteristics, including
height, is affected by initial density, that

hei ght growth effects the growth of other stand
characteristics and, therefore, that height should
be considered in thinning decisions.

Fertilization and Site Preparation

Recent results fromthe Lower Atlantic
Coastal Plain indicate that both bedding and
phosphorus fertilization alter the shape and | evel
of the height growth curve on a given site.
Results at ages 10 and 15 froma study in South
Carolina (MKee and Wlhite 1986, Buford and MKee
1986) and at age 13 froma study in North Carolina
(Cent et al. 1986) consistently show differences

of 10 feet or nmore in average height (at ages 10,
15 and 13) between bedded plus phosphorus and
control treatnments. Differences in the shape of
the height-age profiles are more pronounced anong
treatments on the wetter sites (MKee and Wlhite
1986). Indications are that progress can be made
in nodeling these treatments by quantifying the
effects of changes in the soil chenical and”physi-
cal properties on the height growh profile.

CONCLUSI ONS

Thi s paper has presented a conpilation of obser-
vations on loblolly pine stand devel opnent.
Advances in nodeling silvicultural treatnents such
as tree inprovenment and Lhinning have been made
wher e enphasi s has been placed on the effect of the
treatment on basic relationships underlying stand
growth and devel opment. Progress in yield projec-
tion will continue if the enphasis in nodel
building is placed on understanding changes in the
underlying relationships of stand dynamcs and
validating the resulting nodel s against |ong-term
dat a.

Site Index 73
Site Index 63
30

20
AGE (YEARS)

Figure 1.--Given the same initial density, stands on poorer
sites contain more trees per acre than stands on better sites
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Figure 4.--Height-age profiles for sources at one

location of the Southwide Pine Seed Source Study.
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Ecophysi ol ogi cal Diversity of Ectomycorrhizae'

Caroline S Bledsoe2

Abstract A fascinating paradox is the | ow
species diversity of trees in the Pacific

Nort hwest and the high species diversity of
associated ectonycorrhizal fungi. This paradox
suggests that the fungal diversity may arise
from a physiol ogical specialization for nutrient
and water uptake, which will benefit the host
trees. This paper describes research to support
this hypot hesis.

Keywor ds: Ectomycorrhi zae, fungi, conifers,
water stress, nitrogen uptake, phosphorus
upt ake.

Pacific Northwest forests present a
fascinating paradox: |ow species diversity of
host trees and high species diversity of fungi.
It is well known that both the diversity and
abundance of fleshy fungi (Basidiomcetes and
Asconycetes) are trenendous.

Wiy are there so many different fungal
species? |s fungal taxonom c diversity related
to ecophysiological diversity? For these
ectonycorrhizal fungi, have they specialized in
some physiol ogical roles? Are sonme fungi
better than others at processes which affect
their host - such as enhanced nutrient uptake?
O alleviation of water stress? This paper
di scusses these questions and presents
experinental research which answer sone of
these questions.

Species diversity, we suggest, is related to
physi ol ogi cal diversity, especially fungal
physi ol ogi cal processes which can affect the
host. Historically, ectomycorrhizal fungal
benefits to the host have been docunented in 2
major areas: water relations and nutrition
(Harley and Smth 1983, Mrks and Kozl owski
1973, Al exander 1983, Reid and Bowen 1979,
Parke et al.. 1983 and many others).

Therefore, we suggest that some fungi are
able to take up nutrients nore rapidly than
other fungi and that the host tree will benefit
from this increased ability of the fungi.
Simlarly, some fungi may be better able to
take up water fromthe soil and relieve plant
water stress than other fungi. In the
foll owing sections, we discuss |inkages between
fruit bodies and fungi on tree roots, followed
by a discussion of evidence that
ectonycorrhizal fungi differ in their abilities
to take up water and nutrients - both in pure
culture and in association with tree roots.

1Presented at the Symposium on "Current Topics
in Forest Research: Enphasis on Contributions
by Wnen Scientists", US. Forest Service

Sout heastern Forest Experinment Station,
University of Florida, Gainesville FL, 4-6
Novenber 1986.

2Research Prof essor, College of Forest

Resources AR-10, University of Washi ngton,
Seattle, WA 98195,
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LI NKAGES BETWEEN FRU T BODI ES AND
ROOT- ASSCCI ATED  FUNG

Fruiting of Ectonycorrhizal Fungi

Fruiting Patterns

Sporocarps (fruit bodies) of ectonycorrhizal
fungi are a dominant diverse feature of the
forest floor and litter in many coniferous
forests. An estimated 43% of the above-ground
(epi geous) sporocarps in a Scots pine
plantation were ectonycorrhizal; the renaining
species were saprobic fungi (R chardson 1970).
In Pacific silver fir stands in western
Washi ngton, USA, 50-857 of the epigeous
sporocarps were ectonycorrhizal (Vogt et al .
1981).  Cbservations on probable nycorrhizal
fungi and lists of general occurrence have been
made by numerous researchers (Trappe 1962 and
papers cited therein, Amirati &af al. 1981,
Knighton 1976; Rhoades 1972; Maas and Stuntz
1970). In sone Douglas-fir forests, there may
be more than 300-400 different ectomycorrhizal
fungal species, but we know of no studies which
have systematically surveyed these forests
(Anmirati pers. comm.). In addition, hypogeous
fungi are often negl ected.

I mportance of Hypogeous Fungi

Ectomycorrhizal fungi may fruit above-ground
(epi geous) or bel ow ground (hypogeous,
truffles) or they may not fruit at all.
Hypogeous species, although they are not
readily visible, are abundant and are often
mycorrhizal (Fogel 1981, Vogt et al. 1981).
The Pacific Northwest forests "harbour nore
known truffles species than any conparable area
on earth...." (Trappe 1980).

In Oegon, 24 different below ground species
were found in a young Douglas-fir stand (Fogel
1976, 1981). Sinilar nunbers were reported in
an ltalian oak stand, a German red beach
forest, and a German spruce stand (Ceruti et
al. 1967, Goss 1969). Productivity of
hypogeous fungi is inpressive - up to 16, 700
sporocarps per hectare in a western O egon
Dougl as-fir forest, with optimal production
| ocated about md-way between any 2 tree stens
(Fogel 1976).



Fruit Body-Root Connections

Thus far we have been discussing only the
fruit bodies. How are fruit bodies related to
ectonycorrhizal fungi on roots?

Ectonycorrhizal species are generally assuned
to be functioning in a forest ecosystemif
their fruit bodies are present. However, this
assunption lacks supportive evidence and needs
careful evaluation. "Qur know edge of nost
higher fungi is so very neager at the nonment
because our results are dependent entirely on
observing fruit-bodies and these are only a
smal | part of the actual fungus...." (Watling
1974, p. 231).

The ectomycorrhizal fungus conplex consists
of fruit bodies attached to hyphae in the
litter/soil matrix and of fungal hyphae on the
roots. The major functioning part of the
conplex is the ectomycorrhizal hyphae on the
roots. However, nost physiol ogical studies have
been conducted with fungi isolated from
spor ocar ps.

Identification of Ectomycorrhizal Fungi

Fruit Bodies

Identification of ectonycorrhizal fungi is
based entirely on the fruit body - using a
variety of-characters such as col or of spores
and the fruit body (mushroom cap and stalk),
presence of gills or pores, nicroscopic
exam nation of hyphal structures, etc. Even
with the presence of a fruit body, often
identification can be difficult (Amirati pers.
comm. ).

Root - Associ ated Fungi

Isolation and ldentification Difficulties.
Fungi are difficult to isolate from roots, in
contrast to the relative ease of isolation from
nushroom sporocarps (Zak 1969, 1973; Mlina
and Palmer 1982). Further, root-associated
fungi are difficult to identify since thev do
not produce sporocarps in pure culture. Thus
although it is inportant to work with
ectonycorrhizal fungi known to be associated
with roots, little work of this kind has been
done due to difficulties of isolation, culture
and identification.

Met hods of Identification. By detailed
nor phol ogi cal studies of roots ectonycorrhizal
with a single, known fungal species, one can
learn to identify certain fungi with reasonable
success.  Using characteristics of gross root
nor phol ogy, degree of root branching, thickness
and color of hyphal sheath, length and dianeter
of hyphae, etc., Last and co-workers could
distinguish 3 different ectonycorrhizal types
on tree roots (Last et al. 1985).

Detailed studies of ectonycorrhizal root
mor phol ogy are being done by Agerer (Agerer
1987). In some cases, electron mcroscopy has

been used to study ectomycorrhizae (Strullu
1976).  Asconycete hyphae (sinple septa) can be
di stinguished from Basidionmycete (dolipore
septa) (Scannerini and Bonfante-Fasolo 1983).
Several researchers have tried to identify
fungal hvphae on the basis of species-specific
monoclonal antibodies - but with limited~
success (Schmdt et al. 1974; Chard 1981;
Wight and Morton, W VA Univ., pers. comm.).

In our laboratory we are using DNA
restriction enzynme patterns to identify these
ectonycorrhizal fungi. The DNA nethodol ogy
involves growing fungi in pure culture and
harvesting after several weeks. W are trying
several different protocols for DNA extraction
whi ch involve a CTAB extraction fol |l owed by
cesium chloride density gradient
centrifugations. Wien the DNA is sufficiently
clean, restriction enzymes are used to cut the
DNA, followed by Southern blots, using a yeast
ribosomal probe. W have had some success with
several fungal species - Boletus edulis,
Laccaria laccata, and Hebel oma crustuliniforne.

Regardl ess of the methods chosen, it is
clearly inmportant to be able to identify fungi
on roots. Then we can begin to understand
fungal succession on roots and to study the
different physiological functions of these
fungi.

ECOPHYSI OLOG CAL DI VERSI TY

Tree growth is often linmted by water stress
and nutrient availability, particularly
phosphorus and nitrogen. Since nutrients and
water enter the tree primarily through
nycorrhizal roots, it is likely that these
fungi can exert mgjor controls on these
processes. W know that mycorrhi zae general ly
enhance water and nutrient uptake, but little
i's known about how individual fungal species
differ with respect to these processes. The
following sections discuss the ecophysiological
diversity of ectonycorrhizal fungal species for
water and nutrients.

Water Stress

Mycorrhi zal associations can increase
transpiration flux and the ability to tolerate
water stress in their host trees. These
benefits may result from several fungal
effects. First, fungi explore a greater soil
volune, taking up nore water. Secondly, fungi
inprove the nutritional status of the host,
thus optimizing the whole plant's physiol ogy
and its water status. Thirdly, sonme fungi
produce rhizomorphs (root |ike hyphal strands)
whi ch are specialized for rapid water transfer
through the hyphae. Fourth, the hyphal system
has a capacitance for water storage, increasing
the anount of water available to the host.

What is the experinmental evidence to
substantiate these four suggestions?

Al though nost work has been done with
endonycorrhizae, the nore limted work with
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ectonycorrhi zae does support the hypothesis that
nycorrhi zae increase water nmovenent through the
host (Ekwebel am and Reid 1983; Parke et al .
1983, Dixon et al. 1980; Reid 1979).
Ectomycorrhizal roots can survive greater soil
moi sture depletion than nonnycorrhizal roots,
perhaps due to the fungal ability to tolerate
greater water stress levels than those tol erated
by plant roots (Cromer 1935; CGoss 1960). |If
fungi can influence the host water status, what
ecophysiol ogical diversity exists anmong

di fferent fungal strains?

In pure culture, using polyethylene glycol
(PEG to induce osmotic stress, the fungus
Cenococcum geophilum seens to be very tolerant
of low water potentials, unlike such fungi as
Suillus luteus and Tel ephora terrestris (Mexal
and Reid 1973). This fungus can survive | ow
water potentials in the field as well (Pigott
1982). Two different fungi, Rhizopogon
vinicolor and Pisolithus tinctorius, also differ
in their response to PEGinposed water stress
(Dieblot and Mudge 1985).

W have col |l ected data for a nunber of species
and found a wide range in fungal growth response
to PEGinposed water stress in pure culture
(Fig. 1). These dianeter growh data represent
3 patterns of response to stress. Type 1
represents fungi which exhibits tolerance to
stress, since the fungi can grow better under
noderate stress (-3 or -7 bars) than under
little (-2 bars) stress. Type 2 fungi have an
internmediate response W th progressive
inhibition of growth as osnotic stress
increases. Type 3 fungi show total inhibition
of growth under any osmotic stress at all. In
our current work, we have found another pattern,
whi ch suggests that sone fungal species nay be
able to devel op stress tolerance (M, Col eman,
pers. comm.). These fungi initially grow
poorly under inposed stress, but adapt over tine
and grow nore rapidly.

Figure 1. Diameter growh in mm of 3 types of
ectonycorrhizal fungi grown for 30 davs in
liquid culture of varying osmotic stress from -1
to -30 bars (Fig. 1)
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An inportant step in evaluation of the range
of responses of fungi to water stress is an
exam nation of these fungi when in association
with tree seedlings. W are proceeding to
synthesize mycorrhizal seedlings with these
osnotic-stress tolerant and intolerant
seedlings to determine if the fungal attributes
are passed on to the host. Simlar work is
being done by Midge at Cornell NY (pers.
comm.). In sone other seedling work, Parke et
al 1983 have shown that sone fungal species-
apparently allow seedlings to recover faster
from drought stress.

Nutrient Uptake

Ectonycorrhizal fungi clearly benefit the
nutrition of their hosts, particularly for
nitrogen and phosphorus. W believe that sone
fungi are better than others at uptake of N and
P.  Further, this enhancement should increase
nutrient levels in the tree.

Phosphor us

Fungi take up and store inorganic P (and
perhaps organic P), but nost fungal data in
pure culture are for nonnycorrhizal fungi
(Beever and Burns 1980).

In our current work, we are screening a
nunmber of different ectonycorrhizal fungi for
their ability to take up inorganic phosphate.
Prelimnary results indicate that these fungi
do differ in their phosphorus uptake rates
(Brown, unpublished data).

For ectonycorrhizal roots, Langlois and
Fortin (1984) reported differences in rates of
P absorption between different color types of
ectonycorrhizal roots. The absorption of
gol den ectonycorrhizal apices was much higher
than that of the 3 other types throughout the
season (Langlois and Fortin 1984).

There are also differences in phosphatase
activities of a nunber of different fungi
(Antibus et _al. 1981; Ho and Zak 1979;

Cal l eja and D *Auzac 1983). Phosphat ase
activity may or may not be related to P levels
in the surrounding nedium data are
conflicting (Calleja and D'Auzac 1983; Dighton
1983; Lacaze 1983, Doumas ef. al. 1980

Al exander and Hardy 1981). Cearly nuch nore
research on the functions of the various
phophatases is needed. In general, however, it
seens |ikely that fungi do differ
physiologically in their ability to take up
phosphor us.

Ni trogen

Inorganic Nitrogen. Mcorrhizae can enhance
upt ake of inorganic N by trees (Bowen and Snith
1981;  France and Reid 1978; Littke 1982,
Rygiewicz et al. 1984a and 1984b). Fungal
species grown in pure culture differed in their
rates of ammonium uptake (Littke et al. 1984).
The nost rapid rates (Pisolithus tinctorius)




were 600 mcronoles per gram dry weight roots
per hour, 3 tines greater than the |owest
rates, observed in a strain of Hebel oma
crustuliniforne.

The genus of the host also affected N uptake
since uptake rates of Douglas-fir nycorrhizal
with Hebel oma were higher than were uptake
rates for western hem ock mycorrhizal with the
same fungus (Rygiewicz et al.. 1984a).

Mycorrhizal fungi may al so be able not only
to increase nitrogen uptake but also to shift
the pH optinmum for anmoni um uptake (Rygiewicz
et al. 1984a) and alter ionic balance during
ammoni um upt ake (Bl edsoe and Rygiewi cz 1986).

Oganic Nitrogen. Soluble organic N exists
in many soils in ecologically significant
concentrations. Mcorrhizal roots may be able
to take up this formof N as well as the
inorganic forns of ammonium and nitrate. W
have studied the abilities of different
ectonycorrhizal fungi to take up organic N in
the form of amino acids (Bledsoe and Sangwanit,
unpubl i shed data). CQur data suggest that the
choi ce of the fungal partner can affect the
anino acid uptake rate. Further, the
nycorrhizal roots seem to store nore amno
acids in the roots, while nonmycorrhizal roots
transfer nore N to their shoots (Sangwanit and
Jiledsoe, unpublished data). Al the above data
support the hypothesis that there are
differences in the ability of ectonycorrhizal
fungal species to take up N and these
differences may affect the nutrition of the
host .

SUMVARY

Since mycorrhizal roots are the principal
neans by which trees comunicate with the soil
environnent, understanding this linkage is
necessary to the study of how forests function.
W will contribute to this understanding by
| earning how ectonycorrhizal fungi differ
functionally. This know edge may help to
explain why certain fungi do not survive when
outpl anted enly dry, nutrient stressed sites
(Bl edsoe et al. 1982). In addition,
identification of specialized fungal species
may allow selection of fungi to enhance tree
seedling growth on these stressed sites.
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Stand Dynamics and Early Growth of Yellow Birch

and Associates in the Wite Muntains'

Deborah B. Hill2

Yel l ow birch is usually regarded as one of
the nore val uabl e commerci al species of the
northern hardwood forest. Today in northern
New England, it still ranks third as veneer
logs and fourth in sawlog value. Historically,
it has averaged between 10 and 20 percent of
the northern hardwood association, but in
recent decades, yellow birch has been observed
to be closer to the lower end of that range and
its proportion in younger age classes indicates
further decline in nunbers.

Ceneral |y, sugar maple and beech appear to be
distributed throughout old growth and second
growth northern hardwood stands. Birch, on the
other hand, is located primarily along streanms
or in other noist sites (Hoyle 1965, Kujawski
and Lenon 1969). Near the periphery of its
range, yellow birch is found al nost exclusively
on very wet sites. It is hypothesized that
yellow birch is able to conpete nore
successfully on wetter sites that are less
desirable for other species, but is unable to
conpet e aggressively w th sugar mapl e and beech
on the general |y nmost desirabl e mesic sites.

H storical |ogging practices and
silvicultural experinentation have shown that
shade tol erant species, such as sugar maple and
beech, regenerate cutover areas best when they
occur in the understory as advance grow h.
Yellow birch, on the other hand, being
noder atel y shade intol erant, regenerates best
from seed on newy cut areas where there is
both adequate |ight and disturbed seedbed
conditons. Because its shade tolerance is only
noder ate, yell ow birch does not usually
regenerate successfully under a closed canopy.

1Pr esented at the Current Trends in Forest
Research, Society of American Foresters
meeting, Gainesville, Florida.

2Assi stant Professor, Department of Forestry,
University of Kentucky, Lexington, KY U40546-
0073.
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Abstract.--1n the beech-birch-mapl e association
within the northern hardwood forest type,
Arerican beech (Fagus grandiflora Ehrh.) and
sugar mapl e (Acer saccharum Marsh.) have been
observed to dom nate yellow birch (Betul a
alleghaniensis Britt.) in frequency, abundance,
density, and size. However, under conditions
of heavy renoval cutting on the typically noi st
but well-drained till soils of the northern

har dwood type, yellow birch denonstrates
aggressive growh in all these parameters in
conparison with beech and sugar maple.

Keywor ds: Nort hern hardwoods, soil noisture,
stand dynanics, yellow birch

The history of forest nanagement in the Wite
Mount ai ns consisted primarily of |ogging for
sof twood tinber in the [ate nineteenth and
early twentieth centuries, followed within a
few years by equal ly heavy harvesting of the
nore val uabl e hardwoods, such as the birches
and sugar maple. This kind of selective
cutting, otherwise known as high-grading, had a
negative effect on the residual stands because
they were then heavily doninated by beech of
varying quality and by poor-quality specimnmens
of a variety of other species.

The style of cutting done in the early
decades of the twentieth century left many
forested areas with old growh that was
unner chantabl e, and incom ng growth of
predoni nantly shade tol erant species. Wthout
sufficient openings in the canopy, young yellow
birch simply did not replace itself in nunbers
sufficient to maintain a noderate proportion in
the stands. Cccasionally, nearly pure yellow
birch stands can be seen as the result of a
maj or perturbation such as a hurricane blowdown
or a fire. Silvicultural practices which
provide | arger openings than single tree
renoval are therefore probably nore desirable
for the encouragenment of yellow birch
proliferation in subsequent stands.

Many studi es have been done to clarify the
best conditions under which yellow birch wll
germ nate and establish seedlings. The main
purpose of this study was to exanine the
dynami cs of growth between yellow birch and its
conpeting associates in the sapling and pole-
size stages of stand devel opment. The question
was whet her or not yellow birch coul d conpete
aggressively with its associates, as well as
what effect soil noisture had both on the
devel opnent of all three species, and on their
interactions.

The objectives of this study were:

First - to determ ne whether, under what

conditions, and by what sequence of events,

yel l ow birch nmight outconpete or gain
ascendancy over sugar maple and beech after
group selection or patch clearcutting
harvesting practices.




Second - to deternmine the effect of soil

noi sture variations on the interaction
between sugar maple, beech, and yellow birch,
within the range of sites suitable for sugar
mapl e and other characterisitic northern

har dwood speci es.

And finally - to determ ne whether or not

yel low birches initiating fromseed after
cutting could conpete successfully with
advance growth seedlings or saplings of sugar
mapl e and beech in their first decade or so
of growth.

Study Area

The primary study area was |ocated on the
Bartlett Experimental Forest in Bartlett, New
Hanpshire just northwest of the Presidential
Range of the Wite Muntains in the Wite
Mountain National Forest. The Bartlett Forest
has been devoted to silvicultural research
since the 1930's. An experiment had been
initiated there in the late 30's and early 40's
to increase the proportion of yellow birch in
the hardwood stands by clearcutting a series of
smal | patches (.10-.30 ha). These thirty-odd
patches were scattered over a UQ0-hectare area
with the expectation that new areas would be
opened up on a lo-year cycle, so that
ultimately the entire 40 hectares would be a
nosai ¢ of small, evenaged stands. Two
addi tional sets of clearcuts, each conprising
about 10% of the area, were made in 1950 and in
1960, but no further cutting has been done
since. Soils are primarily spodosol s of
glacial origin varying in texture. Aspects are
northerly varying from ENE to VWW and
el evations range from 372-492 m(m.s.1.). As a
result of the northerly orientation, none of
these sites were "dry" in an absol ute sense:
some were relatively drier than others.

Secondary study areas at the Hubbard Brook
Forest in West Thornton, New Hanpshire and at
Sawyer River in Livernore, New Hanpshire were
sel ect ed because they al so supported northern
hardwood forest associations and had had
conparable histories of logging. Hubbard
Brook's second growh forests were 55 to 60
years ol d; Sawyer River had been cut in the
1950's and supported a 15-20 year old forest.
Both sites were simlar to Bartlett in slopes
and el evations; Sawyer River also had a
northeasterly orientation, Hubbard Brook faced
south (Table 1).

Met hods

To determine moisture variability on the
Bartlett sites, an attenpt was made to locate
the water table, or at least the capillary
zone, with a soil auger in each of the patches.
This was successful in 12 of the 30 patches; in
the remaining patches, the water table or its
capillary fringe was not reached, and noisture
tension was measured with a tensioneter. \Were
the water table had been |ocated, narrow wells

Table 1.--Experimental plot lo:aiisn lata

3ITES

Bartlett Hubnary Srook Sawyer River
Zxperimental Experizental Livermore
Forest Forest N.H.

Bartlett, N.H. Weat Thoraton, N.H.

Elevation (a) 372-492 466-u88 S43-562

Slope {pct) 5-40 5-25 5-35
Aspect WV ENE SW-SE eNg
area {na) 40.00 2.00 5.25
Stand Aze (X) W35 55-60 15_00
No. Plots 30 12 2

Stand Kistory "4igh-grading” Selective cuts Clearcuts for
selection cuts, fheavy) timber 1950°s
T3th century
Softunod structural
Faelwood cuts, timber ‘830's
early 20tn
entury Valuable hariwoods
1315-0920

were dug with a tile spade to a depth of
roughly 60 cmfor the purpose of monitoring the
fluctuation of the water table throughout the
growing season. The wells were nonitored at

| east once a week throughout the two érowi ng
seasons of the study. Pernmanent 25 nf plots
sites were chosen where the wells were |ocated
at Barlett, and additional sets of 12 25 m?
plots were established at the two secondary
sites during the second growi ng season of this
study. Misture availability at the secondary
sites was deternmined with a tensioneter
calibrated according to the known moisture
levels on the well sites at Bartlett.

Sl ope, aspect and el evation were determ ned
for all plots. Frequency of vyellow birch,
beech and sugar maple was determ ned, as well
as density, abundance, and inportance val ue.
Soils were sanpled and identified. Basic
weat her data (max./min. tenperature, rainfall)
were recorded at Bartlett for both grow ng
seasons and correlated with well data. Height
and di aneter nmeasurenents were taken on all
experimental trees and pairs of increment cores
were taken from each tree for aging.

OnMng to the variability of growth paraneters
resulting from suppression of trees during
stand devel opment, it was decided to limt the
majority of the analyses to those trees of each
speci es which had been nost successful in ternms
of total attained height. Al tree data on
each plot were scrutinized, the tallest beech,
yel low birch, and sugar neple were chosen from
those present, and up to three additional trees
of each species were selected froma roughly
conparable height class within each plot.

These subsets were then utilized for the
detailed data analyses. In addition, 29

dom nant trees of each species, |ocated near
but not within plot boundaries at Bartlett,
were harvested for stemanal ysis and sectioned
at meter intervals. An attenpt was nade to
sel ect these trees fromareas with varying

noi sture availability, but ultimately they all
ended up in the wettest range as determ ned by
tensioneter readings.
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Al tree data were subjected to standard
statistical nmethods. Miltiple |inear regression
and stepwise nultiple regression anal yses were
run for the tallest trees of each of the three
maj or species on all sites. Student's t tests
were performed on conparison of nmobst growth

paranmeters between tallest trees or all trees
of pairs of species on all plots.
Resul ts

Al of the observations of this study were

confined to noist but well-drained glacial till
soils. Wthin this stated range of sites, an
attenpt was nmade to include the wi dest possible
range of soil-noisture conditions. During the
course of the study it became apparent that the
actual range of soil moisture was renarkably
small. Wile soils derived fromthe rocky
tills of the region are highly variable, the
actual range of soil noisture was very small
conpared to that of forest soils in general.

The three areas used in this study varied
primarily in age. At Bartlett, age deternined
from cores and discs indicated that beech and
sugar maple were often present as advance
growth, while yellow birch usually came in from
seed after logging. The age range within the
pl ots was narrow enough to consider them
evenaged, and about 35 years old. Topography
varied fromknolls and sl opes of varying
steepness to flat or concave areas. Mst of
the plots-were on typical noist but well-
drained soils.

The site at Hubbard Brook was quite danp,
with proliferation of epheneral streans common
after heavy rains. At Hubbard Brook, there
were really two age classes, but nmpbst of the
trees were between 55 and 70 years old. The
tallest trees used for data analysis were
primarily from the ol der age class.

Table P.--Frequency of occurrence,
beech, and sugir maple by moisture teansion range and stand age.

of yellow birch,

At Sawyer River, information from the aging
of cores and discs showed that the beeches
frequently originated from advance grow h;
occasionally the sugar maples did also, but the
majority of trees of all species at that
| ocation cane in fromseed or from seedling
sprouts present at the time of the clearcut
approximately 20 years before this study.

The ori gi nal
that yellow birch was better

hypot hesi s of this study was
adapted than beech

or sugar maple to utilize noister sites, and
was thus expected to: 1) occur with great
frequency, abundance, and density; 2) be nore
successful in conpetition with sugar naple and

beech; and 3) denonstrate better growth than
the other two species or than itself on drier
sites, as nmeasured by paraneters such as
height, dianeter, and vol une.

Percentages of frequency, abundance and
density were cal cul ated from neasurenents on
all trees of the three species studied on all
plots. Inportance value is derived form the
sum of the other three paraneters. Table 2
illustrates that yellow birch is often
significantly greater in abundance, basal area
and inportance val ue than either or both sugar
mapl e and beech on the wettest sites. Its
domi nance diminishes as the sites becone
relatively drier.

Hei ght and di aneter neasurenents were taken
for all dominant study trees in each plot.
Figures 2 and 3 illustrate that yellow birch is
again greater in both height and dianeter than
the other two species on these

characteristically danp sites. Sugar maple and
beech show increases in both height and
diameter with increasing dryness, but do not

exceed the performance of vyellow birch.

abundance, basal area (pct), and importance value

Moisture Tansion # Plots Pet Frequency Pet Abundance Pet Basal Area Importance Value
(rantibars) B 5M Be 7B M Be Y3 M Be Y8 SM Be
20 years 1
00-10 (wet) 12 83 10D 92 2% 24 23 3530 9 152 1.4y 1.33 1.30
35 years
00-10 (wettest) 18 100 83 86 3620 22 22 y7ab  18e 9 1.833b  1,233b 1,47
11-20 7 100 51 100 322 20 318 34a 16 23 1.662  0.93 1.54¢
21-40 (driest) 5 100 83 100 282 13 35° 308b 17 14 1.602%  o_90 1.49
60 years
00-10 (wettest) 3 100 75 75 y1b 4 12 65D 22 2 2.06" 1.38 0.89
11-20 6 100 88 63 31 38 22 520 34e 9 1.83%  1.60 0.94
21-40 (driest) 2 100 100 100 25 379 30 540 yoc 7 1.79 1,77 1.36

Tall letters indicate differences at aignificance levels of 90 pet or greater.

yellow birch >
yellow  birch
sugar maple

= sugar maple 3.
= beech >

sugar maple
beech

beech

yellow birch
sugar maple

Q0 oTw

22



Average Diameter (CM) of
Tallest Trees/Species/Plot

Average Height (M)
Tallest Trees/Species/Plot

Fig. 2 Mean Diameter{cm} Per Plot for Yeliow
Birch, Sugar Maple ond Beech By
Age and Moisture Tension
Legend
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2V @mosech -
18 -
15 -

20Yrs 35Yrs 60 Yrs
00-10 00-10 11-20 21-40 00-10 11-20 21-40
Stand Age {yrs) and Moisture Tension (centibars)
Fig. 3. Mean Height (M) Per Plot for Yellow
Birch, Sugor Mople and Beech by
Age and Moisture Tension
21 Legend —

O Yellow Birch
) Sugar Maple

@
-

&9 Beech

15 N r M

12

9 -

6 -

3 -

L L | | B L

20 Yrs 35Yrs 80 Yrs
00-10 00-10 11-20 21-40 00-10 11-20  2i-40

Stand Age (yrs) ond Moisture Tension (centibors)

Table 3.--Mean volume index”

Vol ume index (m/3) is a paranmeter derived
fromthe product of height (m) and basal areas
(m?) of each tree within the experinental
plots. Volune index values are an
approxi mation of relative stemvolume, not of
actual volune (Table 3). Figure 4 shows that
speci es other than sugar maple, beech, or
yell ow birch were nore inportant conponents of
the total volume in the younger stands, but
| ess so in the oldest stands, particularly on
the nost mesic sites. Beech is a small
conponent of all stands relative to sugar maple
and yellow birch, but the three species
together clearly conprise nore than three-
quarters of the total volume of these areas.
Di fferences anong the three species are
general ly nost significant on the wettest
sites, although on the 35-year-old stand,
yel | ow birch dom nates sugar maple
significantly at all noisture |evels.

Fig. 4. Mean Volume index Per Plot for Yellow Birch,
Sugoar Maple, Beech, and Other Species

By Age ond Moisture Tension
22
Legend -
20~ 3 Yeliow Birch —
| =3 Sugar Maple

'8 EZJ Beech
- 16 b €3 Other Species
=
x |4 |— M
2 —
2
42
£
210+
©
>
c 8 -
o
@
Z 6

4 —

2

0 28

35Yrs 60 Yrs
00-i0 00-10 11- 20 21-40 00-10 11-20 21-40

Stand Age {yrs)and Maisture Tension (centibars)

and percentages per plot

for yellow birch, sugar maple, beech, and all species

Moisture Tension # Plots YB

SM Be All Species

20 years
00-10 (wettest) 12 1.442b (33 pet)
35 years
00-10 (wettest) 18 6.1630 (48 pet)
11-20 7 3.522 (34 pet)
21-40 (driest) 5 4,612 (34 pet)
60 years

00-10 (wettest)
11-20

21-40 (driest)

19.833D (64 pet)
14.0180 (62 pot)

21.12 (60 pct)

0.27¢ (6 pct)

2.30¢ (19 pet)

1.64 (18 pct)

2.02 (15pct)

4.02¢ (13 pet)
6.53¢ (29 pet)

13.14¢ (37 pet)

0.47 (11 pet)

0.52 (4 pct)

2.56 (25 pet)

1.75 (13 pet)

0.39 (1 pet)
1.72 (8 pet)

0.55 (2 pet)

4.42 (100 pet)

12.74 (100 pet)

10.22 (100 pet)

13.70 (100pect)

30.87 (100 pet)
22.48 (100 pet)

35.12 (100 pct)

Tvolumeindex(m3)= basal

area (m?) x total height (m)
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Rate of height growh was deternmined in tw
ways: first by dividing the height of tallest
trees of each species by their ages as
determned from increnent cores, and second by
stem analysis of the tall trees from the
Bartlett plots. Data fromthe larger group of
trees (Figure 5) show that yellow birch usually
has a nore rapid rate of growh than the other
two species, and consistently shows a greater
advantage on the wettest of the sites.

Fig. 5 Rate of Height Growtn (M} foy Yellow Bircn
Sugor Maple, and Beech By Age and Morsture Tension

Legend
3 Yellow Birch

1 Sugar Maple
Beech

Average Annual Rate of Height Growth
(M) of Tallest Trees/Species
(&)
i

20 Yrs 35Yrs 60 Yrs
00-10 00-10  §1-20 21-40 00-10 11-20 21-40

Stand Age (yrs) and Moisture Tension(centibars)

The snaller sanple of 29 tall trees from
Bartlett yielded results simlar to those of
the larger sanple (Figure 6). What is nost
interesting in this nore detailed analysis is
that the yellow birches began later, and/or had
achieved less height growh at the first point
(1940) than the sugar maples and the beeches.
But within ten years, the birches had taken
donminance and maintained that doninance over
the other two species for the subsequent 35
years. A neasurenent of the three harvested
trees - one of each species - in one plot also
shows the performance of yellow birch coning
into the stand well after the other two species

and still being able to achieve parity with, if
not dominance over, the other species (Figure
7).

20 Legend Fig. 6. Composite Height Growth For Stem-Anaglyzed

Yellow Birch, Sugor Maple and
Baech on
35 Yr-0ld Moist Sites
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Data from tallest trees was analyzed by both
multiple linear regression and stepwise
miltiple regression. Al three species and
experinmental areas were analyzed separately.
Final analysis plotted height against site
factors and age but did not yield high R2
values. The trends indicate that yellow birch
height varies inversely with factors associated
wtlh red[Lchtb|onh|n noi sture ava|cljab|l||ty sur?ar
mapl e and beech appear to vary direct % wi t
the sane site factors. Regression analysis
served to corroborate that inherent differences
in height growth between species were nuch nore
inportant than those within or between species
induced by soil variables in the observed
range.

DI SCUSSI ON

Results of the various experiments perforned
in this study show sinilar patterns. In the
forest, under conditions of group selection or
patch clearcutting, yellow birch comes in with
greater frequency, abundance, and density than
either sugar maple or beech. Wthin the
typical northern hardwood range, the wetter the
cut-over sites are, the nore consistently
domnant yellow birch is in the stands, as
measured In growh parameters such as height,
diameter, and volume, and the greater ability
yellow birch has to conpete successfully with,
and often supercede, the height growh of the
other two species, regardless of the others'
initial height advantage. If all three species
originate sinmultaneously on these noist but
wel I-drained northern hardwood sites after
heavy cutting, yellow birch wll probably
dom nate because of its rapid early height
gromh. If sugar maple and beech occur as
advance regeneration, yellow birch still
frequently can compete With, or exceed, the
growth of the other two, but the probability of
yellow birch dominating is less certain.

Information from statistical analyses of
trees on the experinental plots, and from stem
anal yses of harvested trees near the



experinental plots at Bartlett, indicates that
the relative rate of height growth of yellow
birch, particularly in the first couple of
decades of devel oprment, is significantly
greater than the rates either for sugar maple
or for beech.

Yel | ow birch thus appears to be at a
sel ective and conpetitive advantage on the
noi ster sites of the northern hardwood type
range, in conparison with sugar maple and
beech. The fact that yellow birch is a
profligate water user with a consequent high
moi sture demand, conpared with sugar maple and
beech, may account in part for the observed
differences in growh behavior anmong the three
species on the moist sites.

CONCLUSI ONS

The range of yellow birch is broad, extending
from the Atlantic coasts of the United States
and Canada west to the Lake States and south
into Georgia along the Appal achi an Muntain
range. COther studies indicate that yellow
birch has both genetic and norphol ogi cal
variability over its range (Clausen 1968, 1973;
Fowel I s 1965; Sharik and Barnes 1979, \Wearstler
and Barnes, 1977). The results of this study
are therefore clearly restricted to the forest
types | observed - the beech-birch-mple
associ ation of northern hardwoods found on
typically noist but well-drained podzolic
soils, subjected to clearcutting in patches or
group selection cutting. These results are
probably applicable therefore only in the
northeastern United States and possibly eastern
Canada.

Mbst of the data presented in this study show
that yellow birch outgrows both sugar maple and
beech, and often all other species, on the
experinmental areas. The question arises why
there is not nore yellow birch in the old-
growth and second-growth forests of northern
New England. The answer probably lies nore in
the history of logging practices than in the
suitability of the sites. In the undisturbed
forest, the nost frequent cause of openings for
new growth is the dem se and subsequent
wi ndt hrow of individual trees. Though such
relatively small openings in the canopy do
provide sufficient light for the noderately
shade tolerant yellow birch to gerninate and
grow, the small space is usually rapidly
utilized by existing codom nant trees or
smal | er growth near the opening, and by
aggressi ve advance growth of the nore shade
tol erant sugar naple and beech. Only large
scal e natural catastrophes, such as hurricane
or fire, open areas sufficiently large to
encourage yellow birch regeneration. Openings
larger than a hectare, particularly after fire,
were nore conducive to invasion by paper birch
than by yellow birch, so storminduced
wi ndt hrow pockets provided the nost
advant ageous conditons for the establishment of

yellow birch as a substantial proportion of the
stand.

Early | ogging practices in the Wite
Mount ai ns of hi ghgrading, or selecting out the
best and biggest trees, were to a large extent
m m cking the single tree openings in the
natural forest, and as such, were nore
favorabl e to beech and maple than to yell ow
birch establishment. It is the nore recent
practices of group selection cutting (which
| eaves a ninimal canopy), and clearcutting,
either in large units or in smaller strips and
pat ches, that have sinultaneously provided the
condi tons of adequate |ight and adequate
moi sture, both necessary for the successful
establishment of yellow bhirch. A side effect
of clearcutting is that the water tables are
hi gher after the transpiration punp of the
forest is removed. Extensive studies (Marquis
1965a, 1965b, 1966, 1972, Hatcher 1966, Filip
1973, Erdmann et al. 1981, Roberge 1975) have
shown that the strip and patch clearcutting are
most advantageous to the gernination,
establishment, and early growth of yellow
birch. The history of the three areas used in
this study included periodic heavy cutting at
Hubbard Brook, patch clearcutting at Bartlett,
and extensive clearcutting at Sawer River.
The results of this study show that such
cutting practices enhance the growth of yellow
birch relative to sugar maple and beech in the
sapling, pole-size, and later post-
establ i shment st ages.

The hei ght growth of yellow birch does not
vary wi dely throughout the range of moist sites
typical of the northern hardwood forest type.
The hei ght growth of sugar naple and beech is
far nore sensitive to the wetter end of this
range and shows increasing inprovement as the
sites become nore mesic. Both sugar maple and
yellow birch tend to doni nate beech, unless
beech occupied the site first as tall advance
growth prior to logging. Since the wettest of
the northern hardwood sites are nore favorable
to yellow birch than to the other two species,
yel l ow birch can qui ckly gain ascendancy over
the others, both in height and in nunmbers of
trees. However, as the sites become drier, the
dom nance of yellow birch over sugar maple is
| ess certain, though its dom nance over beech
remains fairly consistent.

The inportance of certain cutting practices,
such as patch clearcutting, for the success of
yellow birch has been well established. The
results of this study--in frequency, abundance,
and density; in conpetitive ability; in
paraneters of height and di aneter, --support
previ ous work and show that yellow birch grows
consistently nore aggressively and successfully
on those sites with abundant moisture than do
either sugar maple or beech. Since soil
noi sture conditons can be readily ascertai ned,
it is hoped that future yellow birch managenent
will select areas for cutting with the noisture
conditions of the regenerative site in nind.

25



Sel ecting the moister sites could insure a nore
vigorous and reliable crop of yellow birch than
woul d be found on the nore mesic sites of the
northern hardwod type, where sugar maple and
beech are likely to be nore conpetitive.
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Effects of Mexico's Selective Cutting System on

Pi ne Regeneration and Gcowth in a Mxed Pine-Cak

(Pinus—EEérd’usﬁ st . 1

Laura C. Snook and Patricia Negreros C. 2

Abstract. Effects of the official selective har-
vesting systemon a mxed pine-oak forest in caxaca
were evaluated 20 years later and conpared to farmer-
ly cleared forest areas and unexploited forest.

Pine reggneration in selectively cut forgst aver aged
only 5 m"/'ha basal area conpared to 40 m%ha in for-
merly cleared areas. The correlation between pine
regeneration and reconstructed residual basal area
after haxvest was R = -0.82. Pine growh increnments
of 4.6 m/hal/year gccurred in selectively cut areas,
conpared to 11.4 nY /ha/yr in formerly cleared areas.
New regul ati ons associated with the forest |aw of
1986 may include replacement of the official selec-
tive cutting nethod by an even-aged silvicultural
management system  However, the lack of markets

for oak wood represents an obstacle to the inplemen-
tation of nmore intensive harvesting systenms necessary
to assure sustained yields of pine wood.

Keywords: natural regeneration, silviculture

| NTRODUCTI ON

Over 80% of Mexico's industrial wood comes from
pi nes (SARH 1978), nost of which grow interm xed
wi th oaks (Rzedowski 1978) in highland forests
whi ch cover 20 nillion has (Saru/sSr 1984). Respon-
sibility for silvicultural nanagement of these and
all of Mexico's forests rests entirely with the
federal forest service (Ley Forestal 1960/1986),
Since the 1950's, the country's forests have been
exploited according to the silvicultural system
known as the Metodo Mexicano de Ordenacion de
Montes' (Mexi can Method for Ordering Forests)
(Carrillo 1955; Rodriguez 1958; Rodriguez et al
1959; Rodriguez s Rodriguez 1966). This selective
cutting reginme limts harvest intensity to 35% -
50% of the vol ume of desired (conifer) species, and
at least until 1978 incorporated a dianmeter linit
of 45 cm (Musalem 1979). In nixed forests, the
application of this systemoften translates into
selective extraction of less than 20% of total
vol ume (FAPATUX 1980),

The Mexican method seeks to manage unevenaged
st ands by maintaining a bal anced reverse J-
shaped diameter distribution. It assunmes that con-
tinuous regeneration and cl ass-to-class recruitment
will provide for sustained yields (Xlepac and Mass
Porras 1968). As of 1981, although a few foresters
had expressed doubts about the validity of these
assunptions (Musalem 1979), no field studies to
confirm or nodify them had been published. It was

"Presented at the Synposium'Current Topics in
Forest Research: Enphasis on Contributions by
Wnmen Scientists', cosponsored by the USDA Forest
Service Southeastern Station and the Departnent of
Forestry, University of Florida; Gainesville,
Florida, Novenber 4-6, 1986.

2Researcher, National Institute for Research on
Biotic Resources (INIREB), Xal apa, Veracruz, Mexico;
and Researcher, National Institute for Research on
Forestry, Agriculture and Animal Husbandry, (INIFAP)
San Felipe Bacalar, Quintana Roo, Mexico.

deci ded to survey a pine-oak forest 20 years after
exploitation to evaluate the effects of prior
harvest by this nethod, particularly wth regards
to pine regeneration.

THE STUDY SITE

The study was carried out in the Zapotec comunity
of San Pablo Macuiltianguis, in the Sierra de
Juarez, Qaxaca. Their approxi mately 5000 ha of
commercial forest is donminated by pines (Pinus
patula, P. pseudostrobus, P, avacahuite, and P,
rudis) interm xed with species of oak including
Quercus laurina, Q rugosa, Q crassifolia, g,
excelsa, Q. candicans, and Q salicifolia. Madrone
(Arbutus gl andul osa), alder (Alnus acuminata), and
other hardwood species occur as well (FAPATUX 1962;
Perez and Perez 1984).

Forest elevations range from 2200 mto 2700 m
averaging 2450 m Sl opes average 45%, and range
from 15% to nore than 100%  Annual precipitation
is between 1500 and 2000 mm and is strongly
influenced by humid winter winds from the Qlf,
known as 'nortes'. A marked dry season occurs
during April and May. Average annual tenperature
has been estimated at 12* to 14* C (FAPATUX 1977),
while a weather station at a slightly | ower el eva-
tion just on the other side of the nountains
regi stered an average tenperature of 16,7* C and
a precipitation of 1982 mm (Garcia 1981).

These forests were concessioned to Mexico's
first newsprint paper factory, Fabricas de Papel
Tuxt epec (FAPATUX), in the late 1950's, as a source
of pine wood for cellulose (Diario Oficial Novem
ber 12, 1956). Selective cutting of pines began
about 1959, but the second cutting cycle had not
yet been initiated in 1981.
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Data Collection

A 25 kmtinber extraction road known as 'brecha
200', which runs through the forest fromwest to
east, was used as a transect. At 500 mintervals,
courses were run perpendicular to the road between
50m and 350 minto the forest, where sanple plots
were laid out. Distances fromthe road were
sel ected using a random nunbers table.

Among 27 plots located by this method, 4 fell in
unexpl oited forest and one in a former clearcut
where a tower had been erected to support power
lines. To give statistical context to this plot,
an additional plot was located in the clearcut
area, and conplemented with two plots located in
former agricultural fields abandoned 30 years before,
one in "Agua Fria' and one behind the 'Comedor
Cerro Machin', The final data set for this study
was based on 30 plots in 3 different forest types

(selectively harvested, unexploited, and fornerly
cleared).
Four radii magked at 3 intervals were used to

i ndi cate 1000 c%rcular pl4ts with nested inter-
nal plots of 400 m“ and 80 m. Trees 15, cm dbh and
above were neasured over the full 1000 m while
trees betwgen 5 cmand 14.9 cm dbh were neasured
over 400 m“ Trees 2.cm to 4.9 cm dbh were neasured

only within the 80 Mmplot. Genus, dbh, crown class,

and signs of injury were noted for each tree. Incre-
nent cores were taken of at |east two snall pines
and at least two large pines on each plot. The for-

ner were used to deternine the age and size range
of post-harvest regeneration. Cores of large trees
were taken to represent the range of dianeter
classes and provide data on increnents.

Data Anal ysis

Measurements taken in 1982 showed the effects of
past conditions on the density of pine regenera-
tion. To relate these effects to causal factors
required the reconstruction of the forest as it was
just after harvest. Wiile witten records were
unavailable, tree cores and information obtained by
hearsay indicated that 1962 was the average year of
regeneration subsequent to harvest and the clearcut
for the power Iines.

Al trees 20 years or younger in 1982 were thus
considered post-harvest regeneration. In selectively
cut and unexploited forest, nearly all of these
trees neasured | ess than 15 cmdbh, but differenti-
ation of regeneration on each plot was verified
according to increnents, sanpled ages, and di anmeter
distributions. To permit conparison between the
20 year ol d clearcut and the 30 year ol d abandoned

fields, increnents for the last ten years were sub-
tracted fromall tree dianeters on the abandoned
field sites.

In the case of the clearcut and the abandoned
fields, it was known that residual basal area had
been zero at the tinme of regeneration establishnent.
To determ ne residual basal area at this tine in
sel ectively harvested forest, increments since
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1962 were subtracted from dianmeters of ol der trees.
Average measured periodic increnents of 0.44 cm/yr
in pines less than 60 cmdbh and 0.36 cm/yr in

pi nes greater than 60 cm dbh vyi el ded respective
di aneter reduction factors of 8.8 cmand 7.2 cm
over the 20 year post-harvest period,

Caks were not cored, both because of physical
difficulties and because it was not known whet her
tropical oaks have annual rings. For lack of data
on Mexi can oak growth, dianeters were reduced to
1962 |l evels using the followi ng increnents, derived
froman estinmated volume increnent of 2%a year
(Mass P. 1977) and an oak volunme table (FAPATUX 1977):

Diam class Annual increnent 20 year reduction
15 - 19.9 0.35 cm 7.0 cm
20 - 29.9 0.49 cm 9.8 cm
30 - 39.9 0.69 cm 13.8 ¢cm
40 - 49.9 0.79 cm 15.8 cm
50 - 59.9 0.89 cm 17.8 c¢cm
60 and over 1.30 cm 26.0 cm

Usi ng these reduction factors, average 1962 dia-
neters and basal areas were determ ned for pines
and oaks in each 1982 diameter class. Di anet er
distribution tables for each plot were then used

to determine total residual basal area (Table 1).
Table 1. Calculation of residual basal area in
selectively cut forest (Site 033).

Avg. class BA/tree # Total BA
dbh 1982 1962 trees 1962
Pines 5

17.5 59 cm. 1 59 cmg
25.0 205 cm 2 410 cm
35.0 537 em) 6 3222 emy
45.0 1027 cmy 1 1026 cmy
55.0 1673 cm 2 3346 cm
QOaks )

17.5 86 cn’ 2 172 cn’
25.0 180 ng 1 180 cm2
35.0 351 cmy 3 1053 cmy
45.0 579 cm), 2 1158 cm;y
55.0 863 cm 1 863 cm
Total residual basal area: 11,491 cm2/1ooo m2

To conpare unexploited forest conditions with
selectively cut and fornerly cleared forest, a
simlar process of dianeter reduction and trans-
formation to basal area in 1962 was applied, using
the sane estinmates of oak increments as in the
selectively cut forest, and the following periodic
pine increnents measured in the plots:

Diam class  Annual increnment 20 year reduction
15 - 39.9 0.34 cm 6.80 cm
40 - 49.9 0.38 cm 7.60 cm
50 - 59.9 0.30 cm 6.00 cm
60 and over 0.24 cm 4.80 cm



These sane transformation tables were used to
reconstruct the 1962 dianmeter distribution of each
site. By conbining these with a pine volune table
(FAPATUX 1977), it was possible to determne 1962-
1982 volume increnent by forest treatment.

RESULTS AND DI SCUSSI ON

Regeneration

As can be observed in Table 2, the average
density of pine regeneratiolé twenty years after
sel ective c5tting was 5.2 m/ha, only 13% of the
nearly 40 m~/ha on the formerly cleared sites.
Regeneration establishment in unexploited forest
during this period was negligible.

The residual basal area in each case followed _an
inverse pattern to regeneratign, averaging 34'm7 ha
in unexploited forest, 19.2 % in selectively cut
forest, and 0 in the clearcut and abandoned fi el ds.
A linear regression between residual basal area and
basal area of regeneration yielded a correlation
coefficient of R=-0.82, indicating that 67% of
the variability in pine regeneration reflects the
variation in residual basal area. This inverse
relationship is no surprise since basal area is
a measure of site occupation. The nore grow ng
space (light, water, nutrients) occupied by resi-
dual trees, the less is available for regeneration
establ i shnent .

Cak regeneration was insensitive,to variation in
resi dual basal area, yielding an of only ¢,08,
This no doubt reflects oaks' greater shade tole -
rance. It is notable that only in the unexploited
forest, with the highest 'residual' basal area, is
the average oak regeneration density approximately
equal to and perhaps slightly greater than pine.

Rat es of suppression anmongst pines followed the
same pattern as regeneration density. In formerly
cl eared areas, 10% of the pines were suppressed by
other pines. In selectively cut and unexploited
forest, 80% and 100%, respectively, of the pine
regeneration was suppressed, by a mxed canopy of
pines and oaks. These trees will alnost certainly
die before reaching commercial size.

Table 2. Pine and Cak Regeneration after 20 Years
Fornerly Sel ectively Unexploited
O eared cut

Residugl BA + +

1062 mil.ha 0 19.2 2 1.7 34.123.0

Pine regen., + +

1985 n?,_ha 39.8 228 52=-1.2 0.2 +0.1

Oak regen. + + +

1982 9 o 6.2/ pel 3.6 - 0.7 0.3 -0.2

% pi nes 10%% 4 80% 7 4 100%

suppr essed

G owth

Average periodic dianeter increment between 1962
and 1982 differed anongst pines in different forest
treatments, Combining data for avail abl e dianeter
cl asses yiel ded averages of 1.38 cm/yr in the for-
merly cleared forest, 0.45 cm/yr in selectively cut
forest, and 0.35 cm/yr in unexploited forest. In
the first case, rapid growth rates reflect the
youth and | ower range of diameters of the stands,
and decreasing ring widths over the last two or 3
years indicate that these rates are slowing as com
petition becones nore intense.

Dianeter distribution tables for 1962 and 1982
were transformed to volumes to determne the dif-
ference in volune increment/ha gmong forest treat-
ments. These ranged from 4,9 m7/ hal/'year in the
unexploited forest to 11.4 /ha/yr in the clearcut
and abandoned fields (Table 3),comparing favorably
with data for a plantation of P. patul in Macuil-
tianquis, which grew at a rate of 12 m /ha/yr
during the first 14 years after its establishment
(FAPATUX 1977).

Table 3. Volune increnents/ha, pine only

Fornerly Sel ectively Unexpl oited
Cleared cut
\1/8'62 pi nes 0 125 o° 460 o’
\1/8'82 pines  oyg 3 217 > 540 o
LOSESTEM 228 92w 80 n>
pnnal 11.4 »° 4.6 o 4.0 o

Forest dynamics

Sel ective cutting in the nmixed forests of San
Pabl o Macuiltianguis, as in nost of Mexico, was
applied exclusively to pines. This has nodified
the relative domnance of pines and oaks (Table 4).
Wi | e pines accounted for 64% of the total vol une
of the forest prior to exploitation (FAPATUX 1962),
twenty years after the first selective cut they
represented only 54% of the basal area. \Wile
fornmerly cleared sites were campletely dom nated
by pines, only 58%of the dominant trees in selec-
tively cut sites were pines, while 40% of the
dominant trees were oaks. The internediate pine/
oak relationship denonstrated by data fromthe
unexpl oited forest probably reflects the history
of this particular area, which appeared to have
regenerated after a fire about 40 years before.
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Table 4. Forest characteristics and proportions, appl ication of seed tree regeneration cuts and
1982 (adapted from Negreros & Snook 1984). periodic thinnings, and presunes to manage even-

aged stands (Musalem 1979). As of 1983, 56,000 ha

(less than 3% of Mexico's nixed conifer forests)

F I Sel ecti vel Unexpl oi ted K ;
ormery eelively exporte wer e under managenent according to this method, and

C eared cut ; X .
yiel ded 25% of the national production that year
Total BA  46.0 3.8 471225 601254 (5ARF/SF 1984)
BA Pines 3981 28 254%f18 4597Ff77 A new Mexican forestry law was signed this year,
' ' ' ' ' ' replacing the forestry law of 1960 (Diario ¢ficial
. + + May 30, 1986). Wile the associated forestry regu-
BA Caks e 21 185-23 2.8-01 lations will not be published until Decenber, the
% Pines 87% 54 0 o1 appear ance of the words "managenent plan" and
N ’ ’ 0% / 64 "sustained yield" in the text of the new law (for
% Oaks 13% 39% 562 / 3655 the first tinme) may foreshadow a nodification of
: silvicultural guidelines.
(;:Q(e)rsn 100% 58% 84% However, there are still obstacles to the
i mpl enentation of a nmore intensive silvicultural
Caks 8% 2 system in Mexico's pine-oak forests. Among them
% dom 0 40% is the lack of markets for oak wood. Mexico boasts

over 120 recognized species of oaks (Rzedowski
1978). Neither their taxonony nor their wood
-Data from FAPATUX (1962). technology is well known, and there has been little
use of oaks for industrial purposes.
2 . - .
Gther hardwood species nade up the missing &, Because | oggers are paid by the cubic neter by
the buyer of the wood, the lack of a demand for
oaks makes it unlikely that these trees will be

cut. In Mcuiltianguis, an average of 140 oaks
occurred per hectares, representing nearly 20 m
CONCLUSI ONS of basal area. This density is greater than the

total residual basal area which so severely
i nhibited pine regeneration after the selective

The lowintensity selective cutting of pines in harvest. Unless these trees are cut, adequate
the pine-oak forests of the Sierra de Juarez has pine regeneration cannot be expected. Thus oak
not stinul ated adequate pine regeneration to pro- markets shoul d be devel oped as part of a new
vide for the replacement of harvested trees. On silvicultural strategy to assure the future of
the contrary, these cuttings are encouraging the Mexico's pine resource.

successional process of replacenent of pines by
oaks, as has been observed in the United States by
various authors, anong them Christensen and Peet

(1981 and reviewed by Jardel (1985). ACKNOWN_EDGEMENTS
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cutting, a close imtation of agricultural abandon- Resources. W also thank Ing. Jainme Escarpita for
ment and fires which apparently maintained pine hi s openness in providing information about the
dom nance in these forests in the past, would be forest and its history. Dr. Charles Peters' insights
much nore effective silvicultural nmethods than were inval uabl e.

sel ective cutting for ensuring and maxim zing future
yi el ds ofpine wood needed for cellul ose and ot her

industrial purposes. LI TERATURE CI TED

In fact, against the backdrop of the national
guidelines for lowintensity selective cutting, a Carrillo, GM 1955. (Ordenacion de nuestros
nmovenent to intensify Mexican silviculture was bosques. Editorial Cultura, Mexico D.F.
initiated by a small group of concerned foresters
in the mid-70's, and pilot projects using a system Christensen, N.L. and RK Peet. 1981. Secondary
of even-aged silvicultural management were esta- forest succession on the North Carolina Piednmont,
bl i shed on 2000 ha of nixed conifer forests by In: West, D.C., HH Shugart & D.B. Botkin (eds.)
the end of the decade. The silvicultural system Forest Succession: Concepts and Application.
called the 'Metodo de Desarrollo Silvicola' (Method Springer Verlaq, New York. pp. 230-245,

of Silvicultural Devel opnent) is based on the
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Gains from Superior Tree Selection in Black

Spruce and White Sprucel

Katherine K. Carter

Abstract.--Open-pollinated progeny tests were

established to assess the gains attributable to
plus-tree selection in black spruce and white
spruce in Maine. Of 23 selected families of white
spruce, all but one were taller than nursery-run
checks after 11 growing seasons in the field.
Height gains averaged 23 percent. Latitude of
the parent tree was negatively correlated with
progeny growth rates. For black spruce, progeny
of plus-trees selected using the baseline method
were no taller than offspring of average trees,
at age 7. Heritability values for black spruce
are low, indicating that family selection might
be more effective than individual tree selection.

Among the conifer species native to the forests
of Maine, the spruces {Picea spp.) are of great-
est interest to forest industry because of their
superior pulping qualities and their widespread
distribution throughout the state. Tree im-
provement programs for white spruce (P. glauca
(Moench) Voss) and for black spruce (E. mariana
(Mill.) BSP) have been initiated in the past
decade. Research to evaluate selection method-
ology and to estimate potential gains has been
carried out at the University of Maine in coop-
eration with local industry and with the U.S.
Forest Service.

Results from progeny tests of superior trees
selected in natural stands of white spruce and
black spruce are reported here. These early
results indicate that different selection methods
may be preferred for each species.

WHITE SPRUCE

White spruce was one of the first species to be
included in tree improvement research programs.
During the 1960's, superior trees were located
by field foresters in Maine and New Hampshire,
and graded by Clyde Hunt of the U.S. Forest
Service. A comparison-tree selection method
was used, with 2 or 3 comparison trees in most
stands. The parent trees ranged in age from
18 to 75 years; most were 30 to 50 years old.
They averaged 9 percent greater in DBH and 8 per-
cent greater in height than comparison trees in
the same stands. A north-south range of almost
3 degrees in latitude was related to different
rates of height growth: Northern parents had a
mean annual increment in height of 1.3 ft/year,
while southern parents averaged 1.9 ft/year.

Open-pollinated seed from 23 parents was
collected to establish a half-sib progeny test.
Seed was sown in the New Hampshire state nursery
in 1971. In 1974, 3-0 seedlings were lifted and
planted at a test site located on abandoned farm

"Presented at the symposium, "Current Topics in
Forest Research: Emphasis on Contributions by
Women Scientists,” Gainesville, FL, 4-6 Nov. 1986.
Maine Ag. Expt. Station publication no. 1149.

ZAssociate Professor Forest Biology, Univer-
sity of Maine, Orono, ME 04469.
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land near Moscow, Maine. Nursery-run white
spruce seedlings from the New Hampshire and Maine
state nurseries were included as check seedlots,
as were seedlots of red spruce (P. rubens Sarg.)
and Norway spruce (P. abies (L.) Karst). The
experimental design-is a randomized complete
block with 6 replications and 10 trees per plot.

After 11 growing seasons (14 years from seed),
survival averaged 71 percent. The average height
for all select offspring was 9.9 ft, which re-
presents a gain of 19 percent over the New Hamp-
shire check and 36% over the Maine check. When
northern and southern families are compared with
the appropriate check lot, average height gains
are 25 percent to 28 percent (Table 1). White
spruce were also taller than the Norway spruce
(8.7 ft) and red spruce (7.2 ft) seedlots.

Height measurements were subjected to analysis
of variance to determine heritability. A herit-
ability value of he = 0.4 was calculated, which
is close to the value of 0.35 reported by Mohn
et al. (1976) in Minnesota. Height at age 14 was
highly correlated with height at ages 11 and 6,
and with growth of the terminal leader at age 6.
Mean annual increment of the parents was corre-
lated with progeny height at age 6 but not at
later ages (Table 2).

BLACK SPRUCE

During the 1970's, interest shifted toward
black spruce as a plantation species because of
its rapid juvenile growth and its relative resis-
tance to the spruce budworm. Previous work by
Morgenstern (1974) had indicated little relation-
ship between parental growth rates and juvenile
growth of their progeny. Inorder to explore
this relationship further and to test the base-
line method of selection, 16 stands of black
spruce throughout Maine were identified for
intensive study. Five to 10 dominant or CO-
dominant trees in each stand were selected at
random and measured to provide baseline data
for mean annual height and diameter increments.
"Plus™ trees were then located which were 1.0
to 2.5 standard deviations above the average
for that stand (Kenlan 1981). Cones were col-
lected from plus trees and from two or more
average trees (those closest to the baseline
values) in each stand.



Table 1.--Comparative heights for white spruce
progenies of northern and southern select parents.
Superiority of northern progeny is compared to
Maine check seedlot; southern progeny is compared
to New Hampshire check seedlot

Seed Height %
source (ft) superiority

Northern Trees

AC 47 11.2 53
AC 21 10.0 37
AC 50 9.7 33
AC 31 9.6 32
AC 39 8.0 23
AC 54 9.0 23
AC 40 8.9 22
AC 78 8.8 21
AC 37 8.3 14
ME check 7.3
Ave. 28
Southern Trees
AC 71 12.0 45
AC 55 11.5 39
AC 06 11.4 37
AC 83 11.1 34
AC 85 11.0 33
AC 16 10.7 29
AC 73 10.5 27
AC 02 10.5 27
AC 66 10.2 23
AC 67 9.9 19
AC 68 9.6 16
AC 72 9.6 16
AC 60 8.5 2
NH check 8.3
AC 56 8.2 -1
Ave. 25

Table 2.--Correlations among parent and progeny
height and growth parameters, for Spruce-Fir
Committee white spruce progeny test in Moscow,
Maine

Height Growth Height Height

1976 1976 1981 1984
Parental .64* .58* .37 .34
height (MAI)
Height 1984 .75* .75% .95* -
Height 1981 .82* L73* _ _
Growth 1976 .87* — _ —

* significant at 0.05 level.

Seedlings were grown in the nursery for 2 yvears
and then outplanted at 3 field sites-in a rando-
mized design with 5 replications of 3-tree plots.
Seedling height was measured at ages 1 and 2
(nursery), and ages 5 and 7 in the field.

At age 7, overall survival in each plantation
ranges from 88 percent to 94 percent. Overall
mean height varies from 3.8 ft to 4.5 ft among
the plantations; within each plantation family
mean heights range from approximately 80 percent
to 120 percent of the plantation mean.

Measurements of seedling height in the-nursery
revealed a negative correlation with latitude of
the parent stand, and significant differences
(0.05 level) among stands. After 5 years in the
field, the stand effect is still significant at
2 out of 3 plantations but the correlation with
latitude has disappeared.

Examination of fifth-year data indicates that
parental selection has been ineffective for im-
provement of juvenile growth rate. There is no
significant difference in overall height between
offspring of "select"” and "average"™ parents
(Table 3); nor is there a significant correlation
between parental height or DBH and progeny height.
There are, however, significant differences in
family height when data for all 3 plantations is
combined (Table 4). Based on the combined data
for all 3 planting sites, individual-tree herit-
ability is 0.19. When the 3 plantations are
examined separately, however, the family effect
is non-significant at 2 of the sites and herit-
ability ranges from 0.08 to 0.27. Correlations
of family height ranking across the 3 planta-
tions are non-significant in 2 cases, and low
(r = 0.48) in the third case.

Table 3 .--Mean height of select and average black
spruce progeny

Age and Location Progeny Height (in)

Select Average
1 - Nursery 9.1 8.7
2 - Nursery 10.6 10.7
5 - Howland 30.0 31.3
5 - Demo Pond 22.7 22.7
5 - Loon Lake 30.0 28.7
7 - Howland 53.5 53.9
7 - Demo Pond 46.8 449
7 - Loon Lake 51.5 50.8

Table 4.--Analysis of variance for height of
black spruce families after 5 years in the
field (age 7 from seed)

Source of Degrees of Mean Square F

Variation Freedom

Site 2 59.7962 50.31**

Family 67 3.0001 2.52%*

Replication 11 6.8152 6.86**
(site)

Site x family 127 1.1884 1.19

Error 1722 0.9996

** significant at 0.01 level.
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DISCUSSION

Results of these plus-tree selection and open-
pollinated progeny tests indicate that different
selection strategies may be desirable for white
spruce and black spruce. Comparison-tree selec-
tion of superior white spruce in natural stands
has resulted in substantial height gains when
the progeny are compared with nursery-run check
seedlings of unknown parentage. High calculated
heritability values for height also indicates
that comparison-tree selection would be expected
to produce gains in white spruce.

Plus-tree selection was not effective in iden-
tifying black spruce parent trees that produce
fast-growing progeny. The uninspiring perfor-
mance of "plus-tree"™ progeny and the low herit-
ability values indicate that family selection
in progeny tests, rather than individual tree
selection of parents, will be required to iden-
tify superior trees for inclusion in breeding
programs. It also appears that black spruce
field tests should include larger numbers of
seedlings to provide a more reliable assessment

of family performance, due to the relatively low

heritability value for juvenile height in this
species.
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Ceographic Variation of Alozymes in Eastern
Larch (Larix laricina (Du Roi) K Koch) From

Nort hwestern Ontario'

Peggy H Know es and Dan J. Perry’

Abstract.-- Allozyme variation in eastern larch
across northwestern Ontari o was assessed by tran-
splanting 20 seedlings fromeach of 10 popul a-
tions to greenhouse conditions, rooting vegeta-
tive tissue, and subjecting root tins to electro-
phoretic analyses. Five loci encoded by five

pol ynor phi ¢ enzyne systens were assayed. Allelic
heterogeneity tests indicated no signifieant dif-
ferences anong pooul ations. F statistics indi-
cated little pooulation differentiation with a
singl e popul ation indicating a heterozygote defi-
ciency. Milti-variate analyses supvorted the
univariate results; no statistically significant
nmul til ocus discrimnation obtained anong the

10 popul ations. However, a small amunt of
patchy differentiation is evidenced and may be
due, in part, to inbreeding. The lack of differ-
entiation may result fromthe relatively hono-
geneous boreal environnent and the relatively
short occupation since glaciation.

I sozyme anal yses of natural popul ations of num
erous plant species have indicated that forest
trees are anong the nost genetically variable
(Hamrick 1979). The nmjority of this diversity
has been found to be distributed within popul a-
tions as conpared to that among popul ations
(0'Malley and others 1979; Yeh and 0'Malley 1980;
Brown and Mran 1981; Yeh 1981; Curies and Ledig
1982; Wheeler and CGuries 1982; Dancik and Yeh
1983; Hiebert and Hamrick 1983; Furnier and
Adarms 1986). Conifer species of the boreal for-
est generally have broad geographical distribu-
tions and have not been as thoroughly studied due
to the problematic nature of rangew de access.
Larch is distributed from Newfoundl and west to
the Mackenzie River drainage and from the nor-
thern limt of tree growth south to the central
Canadi an prairie provinces in the west and the
northern states in the east. A disjunct portion
of the range also occurs in central Al aska and
the Yukon. Ecologically, larch is notable for
its successful growth under extrenely varied
climtic and soil conditions (Fowells 1965).

The objective of this study was to assess the
allozyme variation in eastern larch (Larix
laricina (Du Roi) K Koch) systenmtically across
a substantial portion of its range in northwes-
tern Ontario.

MATERI ALS AND METHODS

Ten trees from each of two stands in close
proximty at each of ten sites were sanpled ac-
ross northwestern Ontario (Figure 1). The twen-
ty trees at each of ten sites were treated as a

1Presented at the synposium on Current Topics

in Forest Research: Enphasis on Contributions by
Wnen Scientists. Gainesville, Florida, Noverber
4-6, 1986.

2Assi stant Professor of Forestry/Biology and Re-
search Associate, respectively, Lakehead Univer-
sity, Thunder Bay, Ontario, Canada

single ponulation. Sanpled trees were 10 to 200
cm. in height and generally 10 meters apart with
a separation of 5 meters in a mnority of cases.
Trees were renoved fromthe field with balled
roots, transferred to greenhouse conditions, and
potted. A three nonth stabilization period was
allowed at which time a branch end was renoved
from each sampled tree and vegetatively propoga-
ted. After four months growth of the rooted cut-
tings, one to three actively growing root tips
from this clonal material were excised and ground
in 2 drops of the following grinding buffer: To
0.2 g ascorbic acid, 0.095 g cysteine, 1 m tween,
2 m. 10% MyC12, 2 ni 10% CaCl,, 17.1 g sucrose,
20 ng glutamic acid, 2 drops b-nercaptoethanol,
add 0.1M tris/HCL (pH 7.5) to 100 m vol ume. The
grindate Was then subjected to el ectrophoretic
analysis (Table 1). Five loci encoded by five
pol ynor phi ¢ enzyme systens (Table 1) were assayed
for all individuals except for five trees that
had insufficient 6pg activity. Details of the

w/ o |
- P Y

Manitoba N 4 Quebec
. ,

\ \ Ontario

Figure 1. Map of site locations for larch sanples
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TABLE 1. Enzyme systems assayed 1n larch root tissue.

Buffer
Locus E.C. Number System

Diaphorase i« 1.6.4
Malate dehvdrgaenase ‘uni-. 1.1.1.
Phosphoglucose isomerase e 5.3.1.
Phosphoglucomutase I-,.- 2.7.5
6-phosphogluconate dehydrogenase -z 1.1.1

W w>w>

“Buffer systems:

A Tris-citrate pH 8.5 gel buffer; lithium borate pH 8.1
electrode buffer (Ridgeway ., 1970). Run at 300
volts.

8 L-histidine-tris pH 7.0 gel buffer; Tris-citrate pH 7.0
electrode buffer (Florence, 1981). Run at 200 volts.

inheritance of these allozymes are described by
Cheliak and Pitel (1984).

Allelic and genotypic frequencies were tallied
for each population and tested for allelic heter-
ogeneity and deviation from Hardy-Winberg equili-
brium respectively. In both instances, the nmaxi-
mum |ikelihood G procedure was used (Sokal and
Rohl f 1981). Since this procedure is not robust
for small sanple sizes within any row by colum

cell, alleles with low frequencies (less than 2)
were bulked with the allele for the next |owest
frequency.

A hierarchical analysis of population structure
was conducted by neans of F statistics (Wight
1969; Kirby 1975; Nei 1977). The statistics were
calcul ated according to Nei's (1977) nethod. The
average deviation of a subpopulation's genotypic
proportions -from Hardy-Winberg equilibriumis
measured by F S with anegative value indicating
an excess of IIdeterozygotes. Simlarly, Fp
measures the same deviation but relative to the
total population rather than the subpopul ation.
Finally, FST neasures the extent of differenti-
ation anong subpopul ations.

The pattern of nultilocus variation anong the
10 popul ations was examined by subjecting the data
to principal conponents analysis and dicrimnant
functions analysis. These procedures have proven
useful to the understanding of genetic factors
underlying geographic differentiation (Yeh and
others 1985). Cenotypic data were coded according
to the nmethod of Snouse and others (1982). Each
genetic variable is expanded to (n ~ 1) indepen-
dent variables where n is the nunber of alleles
at a particular locus. This scheme incorporates
both gene frequency and genotypic frequency infor-
mation and resulted in the construction of 10
genetic variables which were then summarized by
principal conponents analysis into factor | oadings
for each individual. The principal conponents
procedure constructs several "factors" that sum
marize the genetic variation and the |oading for
each individual is that individual's contribution
to the newy constructed multidimensional "factor".
Five of these summary variables or "factors" were
subjected to discrimnant analysis which statis-
tically maximizes the variation among groups in
order to distinguish among the 10 popul ations.

RESULTS

Frequencies for the nost common allele at the
five polymorphic loci for each of the 10 popul a-
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tions are listed in Table 2. Note that the com
non allele is actually fixed for Pgmand Dia in

four and five of the 10 popul ations respecirtvely.
Tests for deviation from Hardy-Winberg expecta-
tions indicated no significant departures. Sim-
larly, no significant allelic heteropeneity was

detected anmong the 10 popul ations.

TABLE 2. Frequency of most common allele.

Site Dia Mih- 3 Pgi-2 Pgm 6-pg
1 .900 , 650 .550 .900 .950
2 .975 . 800 .625 .975 .947
3 1.0 .750 .700 .975 .950
4 0.974 .526 .553 .974 .842
5 1.0 .625 575 .975 .925
6 1.0 .750 625 1.0 971
7 1.0 .605 . 395 1.0 .974
8 .947 .579 .500 1.0 .974
9 .972 .694 .639 1.0 .917

10 1.0 .650 .575 .975 .974

A summary of the F statistics is provided in
Table 3. Values for Fig are presented separately
for each population at each locus. The average
Frp values over all populations for each |ocus
and the single Fqp values for each locus are
present ed. In those popul ations where alleles
are fixed, the Fig statistics have not been calc-
ul ated. Note the lack of pattern for the direc-
tion of deviation anong the Frg val ues, except
for the locus 6-pg that shows a consistent but
smal | excess of heterozygotes over all popul a-
tions. Population 1 shows the greatest value
for mean FIS (0.203).

TABLE 3. Values Of F  for each of the ten larch populations
and mean va{ues of F'T and FST for all ten populations.

Statistic Population e YAk & Pgr-i G-pg Mean

FIs 1 - 111 411 322 -.053 ,203

2 026, ,330 -.325 -.056 -.021

3 1.V, -.029 -.349 -.053 -.114

4 -.027 .065 ,075 -.188 -.046

5 1.V, .208 079 -.081 .045

6 1oV, -.103 ,282 1.y, -.030 .138

iov. . 105 -.058 Ty, =027 ,007

8 -.056 -.153 -.035 iv. -.027 -.068

9 .029 311 -.055 iv.  -.091 ,034

10 1.V, .083 -.310 -.026 -.027 -.112

Fir -.028 .092 -.029 .223 ,041

EsT ,034 .031 ,027 ,027 ,032
*i.v. = insufficient variation for FIS calculations.

The results of the orincipal components anal y-
sis indicated that each of the ten extracted fac-
tors, corresponding to the ten input genetic var-
iables, contributed approximately equally in ac-
counting for the existing variation. An examn-
ation of the loadings (not shown) indicated that
each princinal conponent reflected variation in
very few loci, suggesting that groups of penes
were not covarying in the same pattern. I ndi vi -
dual factor loadings for the first five factors,
accounting for 62% of the variation, were chosen
to submit to the discrinmnant analysis. The
first function generated by the analysis accoun-
ted for 40% of the variation but was not statis-
tically significant indicating that there was no
significant discrimnation anong the popul ations.
A graphical illustration of the first and second



functions is presented in Figure 2. I'n conbin-
ation, these two functions account for 66% of the
variation existing in the factor scores. Figure
2 indicates that differentiation among popul a-
tions is mnimal with populations 1 and 5 show ng
divergence from all other populations as a group.

+ 1
'5 .
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0 . ‘ 2 =4 6 8
2
6 9 8
7 .
4
Function 2

l

Figure 2.--Gaphical plot of the centroids re-
presenting the ten eastern larch popul ations
based on the first two functions of the dis-
rimnant analysis.

DI SCUSSI ON

The results indicate that the isozyme structure
of larch does not exhibit marked heterogeneity
across the geographic area studied. Even though
the sanpling range extended over a 1300 km dis-
tance in a north-south direction with a 2600 km
east-west distance, no consistent trends in iso-
zyme variation were detected. The statistical
evidence from allelic heterogeneity tests, Fg,
statistics, and the discrimnant functions pro-
cedure consistently support this general conclu-
sion. However, the nultivariate analysis does

provide evidence for small but distinctive differ-

entiation of two populations from all others as
a group. Even though this differentiation does
not attain statistical significance, it my re-
present a biologically meaningful "patchiness"
of genetic structure within this portion of its
range.

Devi ati ons from Hardy- Wi nberg equilibrium pro-
portions as neasured by F._, warrant closer exam
ination. Population 1 shows an excess of homo-
zygotes.  This result corresponds to a previous
finding of a relatively |ow |evel of outcrossing
for different trees at the same l|ocation (Know es
and others, 1986). This outcrossing study foc-
used on seeds from sanples of mature trees at
| ocations corresponding to nunbers 1, 5 6, 7,
and 9 of the present study. The nultilocus out-
crossing estimates., t_ (Shaw and Allard, 1982),
represent the frequencies of outcrossed progeny
and were cal culated as .537, .735, .699, .908,
and .768 for these five sites respectively. The
ecol ogi cal and/or genetic factors that are

encouraging this relatively high [ evel of inbree-
ding at site 1 are reflected by the seedling pop-
ul ation sanpled fromthe same |ocation in the
present study.

The unusual genetic structure of population 1
is further enphasized by the results of the mul-
tivariate analyses. Even though the differences
anong the ten popul ations subjected to the dis-
crimnant analysis are not statistically signi-
ficant, population 1 shows a substantial devia-
tion fromnost other popul ations (see Figure 2).
W interpret that this deviation results fromthe
unusual genotypic structure of population 1 per-
haps due to inbreeding at this site.

The actual level of differentiation anmong popu-
lations, as measured by the 7. statistic, is
simlar to that found in several other forest tree
species (Table 4). The Ggp statistic used for
this conparison was designed by Nei (1975) and is
mat hematically identical to FST (Nei, 1977).
Gullberg and others (1985) simlarly conpared
popul ation differentiation fromseveral studies
of conifer populations in the literature conclu-
ding that in areas that had been covered by ice
during glaciation events, conifers had generally
| ower differentiation than those occupying un-
glaciated areas. The present findings support
this conclusion with a previously undocunmented
species, Larix laricina.

TABLE 4.  Population differentiation (G
conifer species.

10 Nei, 1975) of some

Species Ggp Reference

‘nus sylvestris
5§ resinosa
s rigida
banksiana
contorta
5 monticola
s ponderosa
Pinys radiata
Pinus jeffreyt
Picea sitchensis
Pseudotsuga menziesii

Gullberg et al.(1985)
Fowler and Morris (1977)
Guries and Lediq (1982)
Dancik and Yeh (1983
Wheeler and Guries (1982
Steinhoff et al. (1983)
0'Malley et ai. (1979)
Brown and Moran (1981)
Furnier and Adams (1986)
Yeh and El-Kassaby {1980}
Yeh and 0'Malley (1980)

cococoococococoooo
ook ikibko
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What accounts for the generally honpgeneous
genetic structure of larch across northwestern
Ontario? One explanation is the lack of time for
differentiation since larch has occupied the area
for only about 200 to 300 generations since the
last glaciation. Davis (1983) indicates that
arch nmoved northwards and eastwards from the
Great Plains reaching the present-day Canada/
United States border approximately 10,000 years
ago after spruces had been well established.
Further, the relatively undifferentiated vege-
tative and topographic characteristics of the
boreal region restricts selective forces to those
of climatic origin. Conifers from the western
part of the continent w th mountainous and/or
di scontinuous distributions can be subject to
stronger differential selection and also tend to
show hi gher genetic differentiation (0'Malley,
Allendorf and Blake 1979; Brown and Mran 1981;
Steinhoff, Joyce and Fins 1983; Furnier and Adanms
1986). Finally, as a wind-pollinated species in
a boreal region, larch pooulations suffer no
significant obstruction to gene flow.  However,
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the previously nentioned recent finding of rela-
tively high levels of self-fertilization in larch
(Know es and others, 1986) indicates that this
factor may be less inportant in contributing to
anong- popul ati on honogeneity.

In conclusion, the larch populations sanpled
from northwestern Ontario show no statistically
significant differentiation based on isozyne
vari ation. This is possibly due to the relative-
Iy hompbgeneous boreal environnent and the rela-
tively short occupation of this environnent
since glaciation. A small amunt of patchy dif-
ferentiation is evidenced and
part, to inbreeding. A nore conplete range-w de
investigation incorporating more loci and |arger
sanple sizes would be a valuable contribution to
the understanding of this boreal conifer.
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Soil and Foliage Analysis in Intensive Forest

Managenent 1

Sharon G Haines and L. \Wayne Haines?

Abstract.--Forest managenent decisions often
requi re know edge of soil and foliage nutrient

| evels. Accurate interpretation of analytical
results requires know edge of sanpling,

handling, and analytical procedures, since
variation in methodology can significantly alter
nutrient |evels neasured. I naccurate managenent
decisions will result if analytical values
obtained do not accurately reflect the nutrient
status of the soil or foliage. Key aspects of
soil and foliage analysis are discussed herein.
Data are presented to denonstrate the inpacts of
variation in nethodology on results obtained.

Keywor ds: soil nutrients, foliar nutrients,
sanpling procedures, analytical nethods, forest
trees

Only recently have trees been considered a

crop. . . . foresters nust know as nuch about how
to manage crop trees as a farmer does about
managi ng his agricultural crop.

(Hai nes, 1978b)

Scientists have spent over a century
attenpting to quantify the nutritional status of
plants and the nutrient-supplying capacity of
soil s. Conpi | ati ons by Goodall and Gregory
(1947) and Chaprman (1966) sunmarize approaches
used and-diagnostic criteria devel oped for
plants and soils. When conpared to nost
agronom ¢ and horticultural crops, relatively
little is known about nutrient requirements of
forest trees. Bauer (1910) and Kubler (1912)
provided nost of the available nutrient data for
forest trees until the 1930s.

The scarcity of data on mineral nutrition of
forest trees was enphasized during a Duke
Uni versity synposium in 1958 (Anonynous, 1959).
Subsequently, progress on the issue of tree
nutrition and nodification of nutrient status
via forest fertilization was summarized at a
1967 synposium at the University of Florida
(Anonynous, 1968). More recent advances
including use of operational fertilization in
intensive forestry have also been summarized
(Bengtson, 1979; Pritchett and Gooding, 1975).

The use of soil and foliage analysis in
agronomy and horticulture is a rather highly

lpresented at synposi um on Current Topics in
Forest Research--Enphasis on Contributions by
Wonen Scientists, Co-sponsored by USDA Forest
Service, Southeastern Station and the Departnent
of Forestry, University of Florida, Gainesville,
FL 32611, Novenber 4-6, 1986.

25ection Leader, Soils Research, and
Manager, Forest Productivity and Research,
respectively, |International Paper Conpany,
Sout hl ands Experinent Forest, Bainbridge, GA
31717.
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refined discipline. Foresters are only now
beginning to tap these analyses to their maxi mum
potential in forest managenent. An expansive
exam nation of the topic is not possible in this
forum however, selected principles of soil and
foliage analysis are discussed along with sone
factors inpacting the utility of these proce-
dures in forestry.

ANALYTI CAL CYCLE

Both soil and foliage sanpling have several
things in comon including what might be called
the analytical cycle. This cycle includes
accurate sanpling, proper handling of sanples,
accurate analysis, and correct interpretation of
anal ytical results. An error at any point
within the cycle can yield inaccurate results or
interpretations.

The first step in the cycle is accurately
sanpling the site conditions of concern. The
sanpl es collected nust be representative of the
situation that the sanpler is interested in
docunent i ng. For exanple, if an area of poorly
growing trees within a stand is of concern, it
is inperative that the sanple collected
represent the portion of the stand that is
unheal t hy. Sanples from healthy areas of the
stand may also be collected for conparison;
however, the identity of sanples nust be
mai ntained so that correct conparisons can be
made.

After collection, the sanples nust be properly
handl ed until they can be anal yzed. Specific
details of handling are dependent upon analyses
to be perforned, but sone general rules apply.
Soi | sanples should be kept in a clean area away
from fertilizers and other chenicals. Soil is
usually air dried after collection and prior to
submi ssion to the |aboratory. Fol i age sanpl es
should be dried or frozen as soon after sanpling

as possible. If dried, the sanples should be
kept dry and in a clean area away from
contam nating agents. If frozen, foliage should

be kept totally or partially frozen until
anal yzed.



FAPATUX (Fabricas de Papel Tuxtepec). 1962.
Proyecto definitivo de |a seccion de ordenacion
No. 1, Unidad Industrial de Explotacion Forestal.
Caxaca, Mexico, 169 pp.

FAPATUX (Fabricas de Papel Tuxtepec). 1977.
Proyecto General de Ordenacion, Estudio Forestal
Fotogrametrico, Seccion de Ordenacion I, IIlI, IV
Caxaca, Mexico, 170 pp.

FAPATUX (Fabricas de Papel Tuxtepec). 1980.
Sintesis del estudio shore |la constitucion en
1958 de los bosques mezcl ados de coniferas y lati-
foliadas de la Sierra de Juarez, Oaxaca, compa-
rado con lo misnp en 1978.

Garcia, E. 1981. Modificaciones al sistema de
clasificacion climatica de Koeppen. Instituto
de Ceografia, Universidad Nacional Autonorma de
Mexi co, pp. 155 - 157.

Jardel, E. 1985. Una revision critica del Metodo
Mexicano de Ordenacion de Bosques desde el punto
de vista de |a ecologia de poblaciones. Ciencia
Forestal 58:3-16.

Klepac, D. & J. Mass Porras. 1968. E tienpo de
paso y Su inportancia en |a ordenacion de
montes.  Mexico y sus Bosques (enero-febrero):
24-32.

Mass Porras, J. 1977. Los encinos como fuente
potencial de madera para celulosa y papel en
Mexico.- Ciencia Forestal 2(5):45-46,

Musalem L, F.J. 1979. Las bases y primeras
acci ones del Programa Nacional de Mejoraniento
Silvicola en Bosques de Coniferas. Productos
Forestal es de M choacan (PROFORMICH), Morelia,
M choacan, 40 pp.

Negreros, P. & L. Snook. 1984. analisis del efecto
de la intensidad de corta sobre |la regeneracion
de pinos en un bosque nezclada de pinc-encino.
Cencia Forestal 47:48-61,

Perez, P.E. &« C G Perez. 1984. Est udi 0 ecologico
floristico y el siqgnificado econcmico de |a
vegetacion en |a conunidad de Macuiltlanquis,
Oaxaca. Tesis Profesional, Universidad Autononma
de Chapingo, Dpto. de Bosques.

Rodriguez C., R (1958) Discusion de formlas para
el calculo de la productividad naderable y
exposicion del Metodo Mexicano de Ordenaci on de
Montes de especies coniferas. Comision Forestal
del Estado de M choacan.

Rodriguez C., R, R Mendoza &« R Barrena. 1959.
El Metodo Mexicano de Ordenacion de Montes.
Apendice 7. Proyecto de Grdenacion Forestal de
la Unidad Industrial de Explotacion Forestal
"M choacana de Occidente",

Rodriguez C., R & M Rodriguez. 1966. Generacion
del Metodo Mexicano de Ordenacion de Bosques.
Mexi co y sus Bosques (septiembre -~ diciembre):2-4,

Rzedowski, J. 1978. vegetacion de Mexico. Edito-
rial Linmusa, Mexico D.F. 432 pp.

SARH (Secretaria de Agricultura y Recursos Hidrau-
licos). 1978. Estadisticas del Recurso Forestal
de la Republica Mexicana. Direccion Ceneral del
Inventario Forestal. Publicacion #45, Mexi co.

SaRH/SF (Secretaria de Agricultura y Recursos

Hidraulicos/ “ubsecretaria Forestal). 1984.
Mexico Forestal. Cifras 1983. 59 pp.

31



The third part of the cycle involves the
handling and analysis of sanmples once they
arrive in the laboratory. Sanples nust be
redried and ground prior to analysis.

Anal ytical procedures should be chosen that
pernmit the required interpretations once the
analysis is conpleted. Both the nethods and

| aboratory quality control standards should be
wel | document ed.

Interpretation of results obtained from the
lab analyses is the final step in the cycle.
Accurate interpretations are dependent upon
having results available that accurately reflect
nutrient status or sone other characteristic.
Eval uation of analytical results cannot be done
wi thout know edge of the nethods used to analyze
the sanpl es.

It is inportant to remenber that the nunmbers
thensel ves are not magical. They have no
meaning in and of thenselves but nust be
interpreted in light of research or operational
results. The nunbers that are ultimately
interpreted can be altered by an error that
occurs at any point from selecting the area to
be sanpled through the analysis process. Thus,
it is inperative that the integrity of the
analytical cycle be maintained throughout the
entire process.

TYPES OF SOL AND FOLI AGE ANALYSI S
Soi |

Chem cal analysis generally includes pH,
organic matter (O M), phosphorus (P), potassium
(X), calcium (Ca), magnesium (My), and manganese
(M). Mecro-elenents deternined may include
al um num (Al'), boron (B), copper (Cu), iron
(Fe), molybdenum (M), and zinc (Zn). Sulfate
(S04~8), nitrate (Noz~N), and anmoni um
(NH4~N) are other nutrient |evels nonitored.
Chemical soil analysis is used to determne the
need for fertilization, rates of application of
soil -active herbicides, and nutrient inbalances
of trees growing on the site sanpled.

Three fregently neasured physical traits are
particle-size analysis (texture), bulk density,
and noisture-holding capacity. Qher physical
anal yses, such as sand fractionation, are |ess
frequently neasured. Texture analysis is
required to deternine rates of application of
soil-active herbicides. Bulk density measure-
ments provide indications of potential rooting
restrictions for new seedlings. Moisture-
hol ding capacity can be used to characterize the
moi sture available on specific sites for tree
growth and devel opnent.

Fol i age

Chenmical analysis of foliage generally
includes nitrogen (N), P, K Ca, My, and M.
Mcro-elenents determined may include A, B, Qu,
Fe, Mo, and Zn. Sulfate is another nutrient
I evel nonitored in foliage. Chemcal foliage

analysis is normally used to determine the need
for fertilization (primarily with N and P in
established forests) or to determne a nutrient
i mbal ance that is causing reduced growth or
unheal thy appearance of seedlings or trees.

Bi ochemical anal yses can be performed on
foliage also. These include various sugars,
starches, carbohydrates, and anino acids. Rapid
devel opment of new root tissue after planting is
essential for pine seedling survival, and root
elongation early in the growing season is
dependent upon carbohydrate reserves stored in
the roots from the previous grow ng season
(Kramer and Kozl owski, 1979). Managenent
activities that increase levels of reserve
carbohydrates in seedling root systens nay
provide the needed energy source for increased
root elongation shortly after outplanting and
thereby increase the seedling's survival
potential.

FACTORS | MPACTING ANALYTI CAL RESULTS

Factors that can alter analytical results
include site history, map unit variability,
topography, intensity of sanpling, and season of
the year.  Factors specific to soils include the
horizon or depth in the profile to be sanpled.
Location within the crown and the part of the
leaf to be analyzed are additional factors to
consi der when sanpling foliage. The manner in
whi ch sanpl es are handl ed and anal yzed can have
significant effects on the results obtained in
the anal ysis.

Site Hstory

Resul ts obtained cannot be interpreted
properly without know edge of the site history.
Exanpl es of site characteristics that nust be
docunented during sanpling are the site's
burning and fertilization history. Soil
nutrient status can be altered by these two
practices for long periods. Applications of P
can be nonitored in many soils for years after
treatnent. Repeated fertilizer applications,
such as are used in seed orchards, can signifi-
cantly change soil chenmistry (Gegory et al.,
1982). Burning large amounts of surface debris
can have a fertilizing effect because of the
quantities of nutrients deposited in the ash.
This is also true when thick organic surfaces
over mineral soils are burned.

Conparisons of soil nutrient status before and
after burning debris piles often reveal |arge
differences in the levels of cations present
(Table 1). A debris pile conposed of approxi-
mately 60 cu mof pine stems, branches, and
foliage was burned on a sandy soil (Haines,
1978a).  Burning yielded increased pH as well as
higher levels of P, K Ca, and My, plus |ower
organic matter concentrations. Over a 3-nonth
sanpling period, nutrient levels in the O2 cm
zone decreased while those in |ower zones
increased, indicating nutrient movenent through
the profile. Post-burning nutrient neans were
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substantially larger than those observed prior
to burning.

Table |.--Conparisons of selected nutrient
concentrations at 3 depths in a soil profile
before and after burning a debris pile (Haines,
1978a)@

Soi | Depth pi OM P K Ca My
(%) ppm

Pre-Burn

02 cm 5.6 2.3 2 13 162 35
2-4 cm 5.6 2.2 1 6 82 22
4-6 cm 5.6 1.8 1 4 45 15
Post - Burn

02 cm 6.9 1.6 58 164 450 164
2-4 cm 6.6 1.3 31 119 167 81
4-6 cm 6.5 1.0 25 96 160 66

aMeans of 6 observations before burning and 42

observations over a 3-month period after burning.

Map Unit Variability and Topography

Map unit variability will determine the
| ocation of sanple points and also, to some
extent, the intensity of sanpling required to
obtain acceptable neasures of nutrient status.
Topography is also inportant in locating sanple
points since nutrient values usually vary wth
topographic position. For exanple, nutrient
status on the ridgetop can be |ower than that at
the bottom of the slope because of topsoil
erosion downslope. Sanples should be collected
only on those portions of the map unit or site
that are of concern. Inclusions of different
soil or site conditions should not be sanpled.
For exanple, small wet depressions, old honme
sites, old roads, or other portions of the site
that are clearly different from the condition of
concern should be avoided. |If conparisons are
needed by topographic position, sanples from the
ridge, sideslope, and bottom of the slope m ght
be appropriate.

Sanpling Intensity

Intensity of sanpling is dependent on site
variability and on the level of confidence
required in the results of the analysis. Sanple
sizes required vary considerably depending upon
characteristics of the site being sanpled as
well as the soil property being neasured
(Table 2). Five forested sites in southwest
CGeorgia were sanpled nonthly for a |-year period
to deternine the magnitude of variation in 16
soil properties (Haines and Ceveland, 1981).

As a part of this exam nation, the sanpling
intensity required to accurately predict neans

Table 2.--Sanple sizes required to estimte nean
values of soil properties on 2 sites within 5
percent with 95 percent confidence (Haines and
C evel and, 1981)

Soil Property ad Field Pine & Har dwood
Bul k density 5 49
Soil noisture 22 616
Surface pH 2 2
Surface 0. M 52 205
Surface P 76 227
Surface K 69 144
Surface Ca 94 387

of soil variables was determned. Selected soil
properties for two of the sites examined are
included in Table 2. The old-field site is a
l4-year-old slash pine (Pinus elliottii Engelm
var. elliottii) plantation on an Orangeburg soil
(Typic Paleudult: fine-loany, siliceous,
thermic). The pine and hardwood site is a
clearcut mxed pine-hardwood stand that had been
chopped and burned. The soil is an Esto (Typic
Pal eudul t: clayey, kaolinitic, thernic).

The differences in sanpling intensities
between the two contrasting sites reflect
differences in site uniformty. Cenerally,
fewer sanples are needed on the old-field site
with its uniformcover of pine canopy and
absence of understory vegetation. Only pH can
be neasured at both locations with the same
sanpling intensity.

The variation anong soil properties is caused
by natural variation and by how precisely the
value can be determined in the laboratory. The
| owest intensity was for pH, a property that has
a relatively low natural spatial variation and a
sinple, easily replicated analytical test.

H gher sanpling intensities for the other
variables reflect a greater range of natural
variation as well as less precise or
reproduci bl e anal ytical procedures.

Season of Year

Variation in foliage biochem cal conpounds and
nutrient levels throughout the grow ng season
has been docunented (Kraner and Kozl owski, 1979;
Vells and Metz, 1963). Concentration variations
result with reallocation of nutrients and
bi ocheni cal conpounds as growth and devel opnent
progress. Foliage sanpling to document pine
nutrition is usually conducted during the
dormant season when nutrient concentrations are



nost stable. However, some researchers
recomend sanpling during the grow ng season
when nutrient demand is greatest.

Less attention has been given to variation in
soil properties throughout the year. Haines and
C evel and (1981) nmeasured selected chemical and
physi cal soil properties for 12 consecutive
months on five forested sites in southwest
Georgia. Surface bulk density and percent
noi sture, OM and Kto 20 cm and P to 10 cm
varied significantly over tinme at all
locations. Soil pH, Ca, My, and cation exchange
capacity to 20 cmand P at 10 to 20 cmdiffered
significantly over time at some, but not all,
sites. The authors concluded that periodic
variation nust be considered when effects of
forest managenent and research treatnents on
soil chenical and physical properties are
eval uat ed.

Crown Position and Leaf Portion

Nutrient conposition of tree foliage is known
to vary with age of foliage and position within
the crown (Madgwi ck, 1964; Vells and Metz,

1963). Application of 198 kg-Nha, 7 kg-P/ ha,
and 26 kg-K/ha over a 2-year period signifi-
cantly increased |loblolly pine (Pinus taeda L.)
foliar N concentrations but not P or K (Haines
and Haines, 1979). N trogen concentrations were
significantly higher in fertilized loblolly pine
foliage regardl ess of the portion of the crown
sanpled (Table 3). Rates of P and K fertili-
zation apparently were too low to affect concen-
trations of those nutrients in foliage. Since
operational fertilization decisions are tied to
foliar N levels, sanple location within the
crown can determne whether or not prescriptions
are accurately devel oped.

Wien determining nutrient status of broadl eaf
speci es, one must decide which portion of the
leaf to analyze. Analysis of specific portions
of leaves of agronomic and horticultural crops
has been common for decades (Bould, 1961; Kwong
and Boynton, 1959; Goodall and Gregory, 1947).
Variation of nutrient concentrations by |eaf
portion has been docunented for sone forest tree
species such as yellow poplar, Liriodendron
tulipefera L. (Auchnoody, 1974; Finn, 1966), as
wel | as sycanore naple, Acer pseudopl atanus L.,
and European horsechestnut, Aescul us
hi ppocastanum L., (Quha and Mtchell, 1965).

Haines et al. (1979) conpared nutrient
conposi tion of sycamore (Platanus occidentalis
L.) blades, petioles, and whole |eaves.
Nitrogen was highest in the blade and |owest in
the petiole; when the whole |eaf was anal yzed
the higher concentration in the blade was
diluted by lower petiole-N levels (Table 4).
Petiole-P and K were both significantly higher
than levels in other leaf parts; petiole-Ca was
significantly lower. Gven the magnitude of
nutrient concentration variation, it is unlikely
that one leaf portion could be selected to nost
accurately reflect sufficiency or deficiency for
all nutrients of interest.

Table 3.--Nutrient concentrations in fertilized
and unfertilized lobolly pine foliage by crown
position (Haines and Hai nes, 1979)2

Crown Position N P K
pct

Check Trees
Upper 0.97 0.13 0.81
(0.09) (0.02) (0.07)
M ddl e 0.78 0.11 0.43
(0.07) (0.03) (0.05)
Lower 0.69 0.10 0.31
(0.09) (0.04) (0.04)

Fertilized Trees

Upper 1.12 0.15 0.97
(0.08)" (0. 03) (0.08)
M ddl e 0.89 0.11 0.46
(0.07)* (0. 03) (0. 06)
Lower 0.91 0.09 0.40
(0.10)**  (0.02) (0. 05)

aMeans of 4 check and 4 fertilized trees;
standard errors of the mean in parenthesis.

* denotes significance at the .05 level; #%, at
the .01 level.

Table 4.--Nutrient concentrations in sycanmore
foliage by leaf part (Haines et al., 1979)a

Leaf Part N P K Ca
pct

Whol e Leaf 1.82 y 0.12 x 0.80y 0.95y
Bl ade 2.10 z 0.12 x 0.71 x 0.96 y

Petiol e 0.62 x 0.16 y 1.22 1 0.85 x

aMeans followed by different letters are
significantly different at the ,05 | evel.

Correlation of nutrient concentrations wth
broadl eaf tree growh presents sinmilar problens
(Table 5). Haines et al. (1979) determ ned
correlation coefficients between nutrient con-
centrations by leaf part and sycanmore height and
volume growth. Blade-N was the nost highly cor-
related with height and volunme growth of all
nutrients. Blade-P and K were both nore highly
correlated than petiole or whole leaf concentra-
tions. For height growth, blade-N was the best
single variable predictor while blade-P was the
best for volume grow h.
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Sanpl e Handling

Nutrient levels in pine foliage can be used as
indicators of the need for operational fertili-
zation of established stands (Pritchett, 1979;
Wlls et al., 1973). Wen foliar nutrient
| evel s are bel ow established critical values,
fertilization will likely result in an increase
intree growh. The analytical values obtained
are dependent upon the actual nutrient content

Table 5.--Correlation coefficients between
sycanore foliage nutrient concentrations and
hei ght and volunme growth (Haines et al., 1979)"

El enent/Leaf Part Height Gowh Volume Gowh

Ni trogen
Bl ade 0.86** 0.73%*
Petiol e 0.65%* 0.54*%
Wiol e Leaf 0.76"" 0.54**
Phosphor us
Bl ade 0.66%* 0.76**
Petiol e 0.25 0.50%*
Wol e Leaf 0.57%* 0.54%*
Pot assi um
Bl ade 0.29 0.48%%
Petiol e 0.23 0.31
Wol e Leaf 0.12 0.13

axx denotes significance at the .05 | evel.

and the oven-dry weight of the foliage sanple.
Since the results are expressed as a percentage
of oven-dry weight, it is inperative that no
changes occur in the weight of the sanple from
sanpling to analysis. \Wight |osses can occur
if respiration continues in the sanple prior to
oven-drying. (Coviously, the situation is quite
inportant when the foliar concentrations are
close to the critical levels where a relatively
smal | difference in the results could influence
the decision to fertilize. Attenpts have been
made to docunent the kinds of changes in
nutrient levels that result with different
sanpl e treatnents.

In one study, the staff of the Cooperative
Research in Forest Fertilization (CRIFF) program
at the University of Flordia tested five
different handling procedures (Anonynous,

1976) . Storing sanples at anbient tenperature
at collection plus 10 days storage at room
tenperature resulted in increased N and K levels
in slash pine foliage (Table 6). This appar-
ently was a result of dry-weight |oss from
continued respiration prior to drying. Extended
refrigeration follow ng sanmple collection
affects P levels nore than other elements. The
conclusion reached in this study was that the
safest way to handle foliage sanples after
collection is to keep sanples on ice or in a
refrigerator until they can be dried. Drying
shoul d occur as soon after collection as

possi bl e.
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Table 6.--Effects of handling procedures on
slash pine foliage concentration (Anonynous,
1976)a

Sanpl e Handling N P K
Treat ment b pet

Ice + Dry 0.82 0.077 0.35
Ice + Refrigerate + Dry 0.84 0.078 0.35
Ambi ent + Dry 0.81 0.075 0.34

Anbient + Refrigerate + Dry 0.85 0.079 0.35

Ambient + Store + Dry 0.91 0.082 0.38

aMeans of 4 observations

bjce = 5 hrsin ice chest; dry = 24 hrs at 60"
C refrigerate = 10 days at 5" C, anbient = 5
hrs at 16" C store = 10 days at 21" C

Another alternative handling procedure is to
freeze sanples until they can be analyzed. A
trial was established to deternine whether or
not foliage sanples could be frozen prior to
drying without altering nutrient concentrations
obt ai ned when the sanples were anal yzed.
Thirty-six sanples were collected and divided in
half. One-half of each sanple was frozen for 2
weeks after collection, thawed, dried, and
ground.  The other half was dried inmediately
after collection and then ground. Al sanples
were analyzed at the same time. Paired t-tests
indicated that N, Ca, A, and Cu concentrations
differed significantly by treatnments (Table 7).

Table 7.--Conparison of effects of freezing on
N, Ca, A, and Cu concentrations in loblolly
pi ne foliage?

El enent Dried Frozen
N (pct) 1.15 1.19
(0.018) (0.016)**
Ca (pct) 0.15 0.14
(0. 006) (0.005)**
Al (ppm) 404 358
(22) (19)**
Cu (ppm) 2.0 1.4
(0.06) (0.09)**

aMeans of 36 observations; standard errors of
the nmean in parenthesis. ** denotes
significance at the 0.01 |evel.

The difference in N levels had the nost
serious i pl i cati ons because decisions on



operational fertilization are nmade on the basis
of foliar N levels. If sanple handling causes N
levels to be higher than they should be, stands
that might respond to N fertilization would be
elimnated from the program because the N
concentrations are above critical |evels.
Simlarly, if N levels are lowered by sanple
handling, stands nmight be fertilized that are
not actually econonically responsive.

A followup trial was conducted to deternine
if duration of freezing inpacted results
obtained. Sanples were either oven dried only,
frozen one week and oven dried, or frozen 2
weeks and oven dried. Both freezing treatnents
significantly altered the N, P, and M levels
obtained (Table 8). Since freezing can alter
both N and P results obtained, operational
foliage sanples should not be frozen. Critical
levels for N and P fertilizer response were
establ i shed using oven dried sanples, and
reliable correlations between frozen and oven
dried sanples have not been established.

Tabl e 8.--Effects of freezing duration on N, P,
Mn, and Zn concentrations of loblolly foliage2

Table 9.--Effect of drying nethod on loblolly
pine nutrient concentrationsd

Treatnents N p Mh Zn
pct ppm
Dried 1.22 x 0.101 x 0.021 x 33.5 X

(0.013)  (0.001) (0.002) (1.1)

Frozen 1.17 y 0.095 y 0.024 y 35.9y
1 week (0.013) (0.001) (0.001) (1-3)

Frozen 1.15y 0.097 y 0.024 y 34.1 xy
2 weeks (0.013) (0.001) (0.002) (1.2)

dMeans of 36 observations; standard errors of
mean in parenthesis. Mthods by elenent
followed by different letters differ
significantly at the 0.05 level.

Standard foliage drying procedures involve use
of forced air drying ovens that are not always
readily available to foresters who collect
operational foliage sanples. Since microwave
ovens are widely available, a trial was
conducted to conpare nutrient concentrations
obtained followi ng conventional forced-air and
m crowave drying (Table 9). No significant
differences in loblolly pine foliar N, P, or K
concentrations were observed that would prevent
use of mcrowave drying.

Instrumentation and Analytical Techniques

Variation in results is expected depending
upon the instrumentation and the analytical
technique utilized. Instrunents and techniques
used must be carefully documented so that the
results can be interpreted correctly. Conpari-
sons anong nethods of analysis have been nade
for some soil determnations.

Drying N P K

Met hod pct

Forced- A r 1.16 0. 096 0.23
(0.013) (0.002) (0.014)

M crowave 1.15 0.095 0.24
(0.014) (0.004) (0.008)

aMeans of 36 observations; standard errors of
mean in parenthesis.

King and Haines (1979) exanined the effects of
mechani cal thinning equi pment on soil bul k
density at 2 depths in a | oany Coastal Plain
soil. Thinning had no effect on bulk density at
either 5 cmor 10 cm depths (Table 10). In this
same study, 2 nethods of neasuring bulk density
(gravimetric and neutron probe) were conpared.
The gravimetric method requires collection of a
known volume of soil, oven-drying, and
calculation of the bulk density. Bulk density
has traditionally been neasured by the
gravinmetric method. The neutron probe measures
density in place in the soil as a function of
neutron scatter, and the value is read on the
i nstrument:

Table 1O --Conparison of 2 nethods of
determning bulk density at 2 depths before and
after thinning (King and Haines, 1979)2

Met hod Before Thinning After Thinning
5cm 10 cm 5cm 10 cm
“““““““ glemd ~mmooomo--e-
Gavinmetric 1.54 1.62 1.50 1.66
(0.09) (0.10) (0.14) (0.08)
Neut ron 1.21 1.29 1.27 1.34
Probe (0.08) (0.06) (0.06) (0.06)

aMeans of 14 observations; standard deviations
in parenthesis.

The neutron probe consistently underestimated
density when conpared to the gravinetric
method.  Standard deviations from the mean were
greater with the gravinmetric method than with
the neutron probe. This is attributed to nore
direct nmeasurenent of density with the probe as
conpared to the handling, weighing, drying, and
calculations required for the gravimetric
method. CGenerally speaking, the more nechanized
a method the nore precise it is likely to be.
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As a part of our laboratory research program
we have done extensive work conparing extrac—
tants for soil analysis across soil types on our
land. Data presented (Table 11) were obtained
fromthe A horizon of a wet, l|oany sand soil in
the Atlantic Coastal Plain known to be noder-
ately responsive to P fertilization at stand
est abl i shent . Fol l owing extraction, P was
determined by a nodified vanadonol ybdate method
(Chapman and Pratt, 1961); Al and Fe were
determned by atom c absorption spectropho-
tometry.

Table IIl.--Conparison of P, A, and Fe
concentrations in the A horizon determ ned
following five different extractions?

Extract ant P Al Fe
ppm

Doubl e Acid 3.3 229 99
(0.2) (11) (6.1)

Mehlich I + Flourine 4.5 401 126
(0.3) (16) (5.4)

Mehlich 11 4.2 355 61
(0.2) (21) (3.0)

Strong Bray 39 1034 323
(2.2) (53) (18)

\Weak Bray 5.4 473 111
(0.3) (22) (5.8)

aMeans Oof 24 observations; standard errors of
the mean in parenthesis.

The most dramatic difference is with the
Strong Bray extractant that measures from 7 to
12 times as much P as the other extractants.
Extractants rank the same for Al as for P, but
the differences are only 2 to 4 times as |arge.
Iron does not follow the same pattern as P and
A.  Fertilizer recommendations on wet coastal
plain soils are often nade on the basis of soil
P levels. Chviously, it is inperative to know
the extractant used to obtain results being
examined. Mre research is also needed to
determine correlations of fertilizer response
with results of different extractants, since
response was usually correlated with only one
extractant.

Attenpts were made to correlate loblolly pine
foliage P concentrations with soil P levels
determined following the sane five soil
extractions. Correlation analysis was used to
relate soil-P levels obtained with foliar P
concentrations. Soil sanples were collected
from the surface, upper subsoil, and |ower
subsoi| beneath the crown of the tree from which
the foliage sanple was collected. The highest
correlation observed was in loblolly stands |ess
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than 15 years old in the lower subsoil for the
Mehlich | + Flourine extractant (0.523 ##%),

In the same study, correlations between soil
Al and Fe levels and foliar P levels were
exam ned. Both soil Al and Fe levels in the
surface horizon were significantly correlated
with foliar P for all five extractants. --H ghest
correlation for soil Al was with the Mehlich | +
Flourine extractant (0.649 #%). The highest
correlation for soil Fe was a negative one with
the Weak Bray extract (-0.720 #%),

MANAGEMENT | MPLI CATI ONS

The utility of soil and foliage analysis has
been denonstrated; however, foresters still have
anpl e opportunity to refine the use of these
procedures. Mire in-depth know edge of how
various nutrient levels relate to site produc-
tivity and tree health and vigor is required for
better utilization of the technology. Cearer
understanding of the total nutrient cycle in
forested ecosystems will help foresters nore
accurately interpret analytical results.

Standardi zation of collection, handling, and
anal ytical procedures will make interpretation
of results obtained nore reliable. Exanples
presented herein have dermonstrated that varia-
tion in any of the procedures can alter the
results obtained. Such variation is parti-
cularly troubl esome when results obtained are
near critical levels that indicate nutrient
sufficiency or deficiency. For exanple, foliage
analysis results may indicate that an N or P
deficiency exists and that operational fertili-
zation can provide an econonmically attractive
growth increase. However, if those results do
not accurately reflect the nutrient status of
the site in question, a bad decision will be
made.

Standard procedures will also help us to
develop a body of analytical know edge that is
conparable and nmore widely applicable in forest
managenent . It may be too nuch to hope for one
standard procedure to be accepted throughout the
discipline, but it is a worthy goal to strive
toward. At the least, researchers must becone
mich nore adept at interpreting results.
Correlations anong different techniques nust be
identified so that accurate interpretations can
be made. Additionally, unless such correlations
exist, we will be unable to fully utilize
information that is already in the literature.

Henry George (\Wahlenberg, 1960) noted, "Until
there is correct thought there cannot be correct
action." Correct thought is based on infornma-
tion. Incorrect thought stems less from a
scarcity of information than fromits relative
i naccessibility. Information overload is often
nore of a problemtoday than a | ack of data. It
is inperative that pertinent information on soil
and foliage analysis be readily accessible in
easily understandable form for decision nakers.
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Tropi cal Forests and the G obal Carbon Cycle1

Sandra Brown2

Abstract.--The uncertainty about the role of
tropical forests in the global cycle is due to
many factors, including problenms of estimting
(1) forest biomass, (2) |osses of soil carbon
from forest clearing, and (3) rates of wood
deconposi tion. Estimates of biomass of tropical
forests based on extensive forest volunme data
give significantly |ower values than estinates
based on direct neasurenent nethods. A ngj or
source of error in converting commercial volunes
to total bionass is the high variability in the
expansi on factors (ratio of total biomass to
commerci al biomass) that suggests a need for
regional estimates rather than for highly aggre-
gated ones as has been done in the past. LOSS
rates of soil organic carbon upon conversion of
forests to agriculture are influenced by the type
of agriculture practice (small loss to small gain
for pastures versus about 40 percent loss for
crops), soil texture (less loss from clay soils),
climte, and tine. Deconposition rates of woody
debris of primary forest species are slow (aver-
age deconposition coefficients of 0.02-0.07 yr"l)
and are partially regulated by the chem cal
characteristics of wood. These deconposition
rates are slower than rates of forest regrowh
and create carbon sinks in logged and natural
forests. Further research is still needed to
refine some of these carbon storages and fl uxes
to inprove our understanding of the carbon cycle
of tropical forests.

Keywor ds: Bi omass, carbon cycle, soil carbon,
tropical forests, wood deconposition.

Clearing of tropical forests for agriculture
has the potential of producing asourceof CO2 to
the atnosphere and thus exacerbating the poten-
tial "greenhouse effect". The release of CX2
from clearing tropical forests for agriculture is
due to burning and deconposition of plant mate-
rial and the increased oxidation of soil organic
matter. Results from nodel s have denpnstrated
that land use changes in tropical forests produce
a source of atnospheric CO2 that may be as nuch
as 20-80 percent of the anpunt contributed by the
burning of fossil fuel (Houghton and others 1983,
Detwiler 1986). These estinmates of carbon flux
(as C0p) to the atnmosphere are derived from
nodel s that consider rates of forest clearing,
specific land uses for which an area is cleared
(e.g., for permanent agriculture, shifting agri-
culture, pasture, or tinber), and changes in
bi omass or carbon content of the vegetation and
soil due to clearing.

There are several sources of error associated
with the estimates of carbon flux from tropical
forests. These errors are based based mainly on

lpresented at the Synposi um on Current Topics in
Forest Research Enphasis on Contributions by
Wonen Scientists, Novenber 4-6, 1986,

Gai nesville, FL.

2pssociate Professor, Departnent of Forestry,
University of Illinois, 110 Mumford Hall, 1301 W
Gregory Dr., Urbana, |L 61801.

uncertainties in the value of the paranmeters used
in nodel s such as: the bionmass or carbon content
of tropical forests that are being cleared, the
rates of forest clearing by forest type (i.e.,
low or high biomass forest), changes in soil
carbon pool s upon clearing, and rates of
deconposition of organic material |eft behind on
the site after clearing. The objectives of this
paper are to discuss sone of the sources of error
associated with estimating (1) the carbon content
of tropical forests, (2) changes in the carbon
content of tropical soils due to forest
conversion, and (3) deconposition rates of

tropi cal woody debris.

CARBON CONTENT OF TROPI CAL FOREST VEGETATI ON

Because of the diversity of forest types in the
tropics, the problens of estimating their carbon
content with any degree of precision are enornous.
According to the Holdridge Life Zone system
(Hol dridge 1967) for classifying plant formations
of the world, a system based on nmean annual bio-
temperature and precipitation, there are 30
unique forested life zones in the tropics ranging
from lowand very dry forests to nontane rain
forests. Each of these forested life zones poten-
tially has a different organic carbon content
because of the influence of tenperature and nois-
ture on structure and function of forests
(Hol dridge 1967). Brown and Lugo (1982) synthe-
sized existing data on the carbon content of trop-
ical forests and found that there was a highly
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significant relationship between carbon content
of vegetation (expressed as biomass) and an index
of life zone (ratio of tenperature to precipi-
tation; Fig. 1). Carbon content of tropical
forests peaks in the moist forest life zone
(T/P=0.7-1.4 x 1072) with lower values in wetter
(T/P <0.6 x 1072) and drier (T/P >2.0 x 1072)
life zones. Thus, models of tropical forest
clearing need information on the kinds of forest
being cleared because their carbon content is
related to the clinmate in which they grow
Unfortunately, this kind of information is
lacking and represents a source of error in
carbon flux estimtes.

¥: 596 +478 log X— 224 x

(t/ha )

Biomass

Tetal

TP (X182 Crmm.yi")

Figure |.--Rel ationship between total bionass of
tropical forest vegetation and the ratio of tem
perature to precipitation (T/P), a ratio used as
an index of life zone (see text for further expla-
nation). This relationship was determ ned by

| east squares regression analysis and is signifi-
cant at p=0.05with an r2=0.54 (from Brown and
Lugo 1982).

Anot her uncertainty in the data base for tropi-
cal forests is the magnitude of the carbon con-
tent of tropical forest vegetation. There have
been several attenpts during the |ast decade to
both estimate the carbon pool in tropical forests
and conmpute a weighted average carbon density
(Table 1). The first four values in Table 1 are
based on a summary of the published ecol ogical
literature. Variation in the estimates of the
size of the carbon pool is attributed to both
differences in the area of tropical |ands covered
by forests and differences in the carbon content
of tropical forest vegetation. The changes in
the amount of tropical forests used in these
studies reflect inmproved accuracy in the area
estimates by the international organizations
charged with such assessnents (e.g., Food and
Agriculture Organization of the United Nations
[FAO]) rather than a real decrease in forest area.
Di fferences in the carbon content of forests used
in the studies (Table 1) are due to (1) grouping
of forests into fewer or nore categories (e.g.,
two main types were used by Wittaker and Likens
[1973] whereas six main types were used by Brown
and Lugo [1982]) and (2) accessibility to a
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larger data base in the later studies (e.g., many
studies used by Brown and Lugo were published
after 1975). It is generally agreed by those
working with the global carbon cycle that the

| ower estimates, based on the ecological litera-
ture, of Brown and Lugo (1982) and QO son and
other (1983) are nore representative of the
carbon content of tropical forests.

Table |.--Estimates of carbon content in tropical
forest vegetation

Car bon
Area Carbon content (t/ha) pool
\\éi ght ed
(106ha) Range aver age (1015g)
2450 160- 200 188 4602
1480 115-190 165 244D
1838 40- 185 124 228¢
1510 70- 200 125 1894
1930 12- 90 53 102e

ayhittaker and Likens 1973
bajtay and other 1979
CBrown and Lugo 1982
do1son and ot hers 1983
€Brown and Lugo 1984

Brown and Lugo (1984) nmde another estinmate of
the carbon content of tropical forests using com
nmercial volumes. This study relied heavily on
the FAO (1981) report in which average conmmerci al
vol unes for eight forest types in 76 tropical
countries were given. Conmrerci al  vol unes were
converted to total biomass of vegetation by nmulti-
plyi ng volune by an average wood density to ob-
tain comercial biomass and then by an expansion
factor (ratio of total above and bel ow ground
bi omass to commerci al bionass); bi omass was con-
verted to units of carbon (assuming 1 gram of
organic matter = 0.5 gram of carbon). (Details
of the analysis are given in Brown and Lugo
[1984].) This analysis resulted in a carbon pool
and wei ghted carbon density of tropical forest
veget ation of about one-half the values based on
direct neasurements given in the ecol ogical
literature (Table 1).

One of the mmjor causes of the discrepancy
bet ween ecol ogi cal -based and vol une-based biomass
estimates is due to sanpling error. Bi omass esti -
mat es derived fromthe ecological literature are
based on direct measurements (either by harvest
met hods or allometry) of small areas (a total of
< 30 hectares for all studies) of a few tropical
forest types and extrapolated to all tropical
forests. Vol ume-derived biomass estinmates are
based on large sanple areas (hundreds to thou-
sands of hectares) and tend to be a nore repre-
sentative sanple. Selection of snall sanple
plots for ecological studies of direct neasure-
nents nay be biased towards |arge biomass plots



because of a preconceived notion as to what a
tropical forests should |ook Iike. For exanpl e,
a frequency distribution of vol une-derived bio-
masses for tropical noist forests of the Anazon
basin denonstrate that nore than 50 percent of
the area covered in the survey had biomass val ues
less than 200-220 netric tonne per hectare (t/ha)
(Fig. 2). Bionmsses of tropical American forests
obt ai ned from destructive sanpling oallonetric
met hods ranged from 210-480 t/ha (Brown and Lugo
1982), of which 50 percent had val ues between
210-330 t/ha and the other 50 percent were be-
tween 370-480 t/ha, with a greater frequency at
the high end of the range. These results suggest
that biomasses obtained by direct neasurenent on
a few hectares are not average for Amazonian trop-
ical noist forests but are biased towards high

bi omass plots. Simlar trends were obtained for
forests in tropical Africa and Asia (Brown and
Lugo 1984).

There are several potential sources of error in
bi omass estimtes based on vol une: wood densi -
ties, stand volunes, and expansion factors. Of
these, the greatest error is likely to exist in
the expansion factors, and the deternination of
new factors is the enphasis on nmy current re-
search (in cooperation with Ariel Lugo). New
expansion factors are being deternmned from
detailed forest plot data which include diane-
ters, species, and commercial volunmes of individ-
ual trees in the plots and specific gravities of
the species. From this information comercial
bi omass was cal cul ated (sum of the product of
commercial volune and specific gravity of all
trees). Al the available allonetric data for
tropical trees have been gathered (from the liter-
ature and personal records from collegues) and
allonetric regression equations devel oped. These
allonetric regression equations were then used to
cal cul ate aboveground bionass of the plots for
whi ch commercial biomass was cal cul ated. Root
bi onass was determined from root/shoot ratios
given in Brown and Lugo (1982). Expansion fac-
tors were calculated as total biomass/comercial
bi omass. Results of this analysis to date are
shown in Table 2 and are conpared to the expan-

Table 2.--Expansion factors for converting tropi-
cal forest volumes to total bionmass

Expansi on Factor Sanpl e

Forest type Range Mean si ze
Cl osed hunid

forestsd,D 1.3-1.8 1.6 19
Open forestd: 2.7-3.1 2.9 2
Moi st forest: 1.0-1.7 1.3 10
Wet and rain forests: 1.9-2.4 2.2 5
Dry forests: 3.6-3.7 3.7 2

aFrom Brown and Lugo 1984
brhis cat egory includes noist, wet, and rain
forests
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Figure 2. --Frequency distribution of volume-
derived bi omasses based on vol ume data col |l ected
from 1230 x 1 hectare plots of forests in the
Amazon Basin (from Brown and Lugo 1984).

sion factors used by Brown and Lugo (1984) in
their earlier volume-derived biomass estinates.
Differences between the earlier and present
efforts are clearly evident; however, the present
effort has not been conpleted and it remains to
be seen how significant these changes w Il be.

In conclusion, use of forest volume data offers
an advantage over ecological bionmass data because
larger areas of tropical forests are represented
and a nore realistic picture of the variability
in forest biomass is provided. Revi sed expansion
factors appear to be nore variable than the previ-
ous analysis (Brown and Lugo 1984) suggested and
denpnstrate the need for regional biomass esti-
mates rather than aggregated ones. A conparison
of the new expansion factors (Table 1, based on
the analysis to date) with those obtained by
Brown and Lugo (1984) suggest that vol unme-derived
bi omass estimates of tropical forests could
change by as nuch as plus/nminus 40 percent.

CHANGES | N SO L CARBON CONTENT FROM FOREST
CONVERSI ON

The goal of this phase of nmy research was to
determ ne the changes in organic carbon content
of soil due to conversion of tropical forests to
agricul ture. This was acconplished by sanpling
soil from a chronosequence of agriculture sites
of known age and conparing their carbon content
to that of a nearby forest site, controlling for
such factors as slope, elevation, and soil tex-
ture. Sampling was acconplished in a variety of
life zones in tropical America (Puerto Rico, US.
Virgin Islands, Costa Rica, and Venezuela).
Because npbst of the forest conversion was to pas-
ture, sanpling was concentrated in this practice,
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but soils under other types of agriculture were
al so sanpled when avail abl e. Soi | sanples were
collected from 1 meter deep pits (1 pit/site),
and from use of standard soil corers to 50 centi-
neters depth (where npst of the carbon changes
are expected to occur). Samples from the pits
were used to determne both percent C and soil
bul k density; core sanples were used for percent
C only. Carbon concentration was deternined by
burning the soil in an induction furnace and oxi-
dizing the carbon in a stream of oxygen to CQ2
which was neasured gravinetrically.

Some representative exanples of the results are

given in Fig. 3. In general, nmost of the soil
carbon was in the top 50 centineters of soil
(about 70 percent). The absol ute anount of soil

organi ¢ carbon varied anpbng the sites; higher
contents were obtained for the soils in Venezuel a

(Fig. 3c and d) than for those of Costa Rica (Fig.

3a and b). These differences are mainly a func-
tion of soil texture; the Venezuelan soils were
very high in clay content which leads to a high

carbon content (Sanchez 1976). Conver si on of
forests to pasture appeared to result in little
change in soil carbon. In some cases the pas-

tures had nore carbon in the top 50 centineters
and than the forests. The maxi mum decline in
soil carbon on conversion to pastures appeared to
be about 15 percent of the control forest sites.
A conpilation of literature values produced an
average reduction in soil carbon under pastures
of 20 percent (Detwiler 1986). Conversion of
forests to annual crops resulted in greater

| osses of soil carbon. For exanple, a site in
the tropical dry forest life zone cultivated with
sugar and rice for 50 years or nore had a soil

18{ Troplcal wet forest

(a)

(c) Tropical very dry

Carbon content (Kg/m?

Carbon content (Kg/m?)

Age (years)

Age (years)

Figure 3.--Oganic carbon content of some tropi-
cal forest and agriculture soils. (a) Tropical
wet forest and (b) tropical noist forest life
zones of Costa Rica; (c) tropical very dry forest
and (d) tropical dry forest life zones of
Venezuel a. Al agricultural sites are pastures
except the right-nost 50 year-old site in (d).
Total height of the bar is the carbon content to
100 cm depth and the hatched portion of the bar
to 50 cm depth. Each value is the nean of three
sanples + one standard error.
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carbon content that was about 40 percent |ower
than that of the nearby forest (Fig. 3d, 50 years
plot at extrene right of graph). This is equal
to the value that Detw ler (1986) obtained from a
synthesis of the literature.

In sunmary, rates of loss of soil carbon, due
to conversion of tropical forests to agriculture,
are influenced by the type of agriculture prac-
tice, soil texture, climate and time. The re-
sults from nmy research are consistent with those
of Detwiler (1986), based on an anal ysis of many
studies, and suggest that |osses of soil carbon
due to forest conversion to agriculture are |ower
than than values previously used in npdels (e.g.,
Houghton and others 1983). Use of these |ower
rates of soil carbon loss in nodels of tropical
forest clearing produce a snall annual release of
C2 to the atnmosphere of about 0.11-0.26 Pg (1 Pg
= 1015 g) as of 1980. This is equivalent to 2-5
percent of the carbon released fromthe conbus-
tion of fossil fuels (Detwler 1986).

WOCD DECOVPCSI TI ON

Conversion of forests to agriculture (pasture

and shifting cultivation), logging activities,
and natural tree nortality produce woody debris
in the tropical |andscape. If the rates of decom

position of this woody debris are slower than
rates of regrowh by the forest vegetation then
these sites represent small sinks of carbon. It
is often assumed that deconposition processes in
the humid tropics are fast because of ternmite and
other invertebrate activity, and the high hum d-
ity favoring microbial activity. However, many
tropical woods contain high concentrations of
extractives which may be toxic to fungi and inver-
tebrates (Bultman and Southwell 1976) and inhibit
deconposi tion. Furthernmore, many tropical hard-
woods are higher in lignin than tenperate hard-
woods.  Tropical hardwoods have nmany chenical
characteristics that are simlar to tenperate
conifers which have slow rates of deconposition.

Rates of deconposition were determined by com
paring the density of known-age and species of
deconposed logs with the density of wood from
live trees of the same species, and expressing
the rate as the anmpbunt of nmss remmining after a
known time interval. This nethod neasures only
the loss of mass due to nicrobial processes and
| eaching, it does not include fragnentation proc-
esses. | have sanpled wood from 20 different
tropi cal hardwood species covering a range of
di ameter classes, climte types, and ages (2->20
years-ol d). Most of the results are still being
analysed, so | wll present only sone prelimnary
findings here. Using the exponential decay
model, as is typically used in such studies, |
have calculated the deconposition coefficients
for eight species of approximately the same age
(6-6.4 years) for four different dianeter classes
(Table 3). These species were collected from dry
forest, mpist forest, and rain forest life zones
and have densities of live wood ranging from
0.52-0.92 g/cm3. The deconposition coefficients
decrease with increasing diameter of the debris
as has been found by others for tenperate wood



(Harmon and others 1986).

O her studies of wood deconposition in the
tropics obtained deconposition coefficients of
0.11-0. 46 year"1 (0dum 1970; Kira 1978; Lang and
Kni ght 1979), values that are about an order of
magni tude greater than those that | obtained.

The reasons for these differences remain to be
det erm ned. Prelimnary results from the analy-
sis of extractives, lignin, and nitrogen contents
denpnstrate that the slow deconposing woods have
hi gh concentrations of extractives and lignin and
| ow nitrogen. Greater understanding of rates of
wood deconposition in the tropics will be gained
when the influence of wood chenistry as well as
climate on this process are investigated.

Tabl e 3.--Deconposition coefficients (yr‘l) for
woody debris (npdel: y=e Kt) of eight tropical
speci es.

Si ze class (cm)

10-20 20-30 30-40 240
n 6 5 4 2
Range 0.006 - 0.016 - 0.004 - 0.012 -
0. 130 0. 115 0.075 0.026
Mean 0. 068 0. 058 0. 040 0.019
CONCLUSI ONS

Much of the previous understanding of the car-
bon cycle in tropical forests lands contained
many misconceptions including: all tropical for-
ests have high bionasses, conversion to agricul-
ture results in high losses of soil carbon, and
deconposition of all organic materials occur at
fast rates. I ncorporation of the results from ny
research and from the research of others into
carbon nodels of tropical forests have |owered
estimates of their contribution to atnospheric
C®2 from a value alnpbst equal to that from the
burning of fossil fuels (e.g., Houghton and
others 1983) to a value equal to about 20 percent
of that from burning fossil fuels (Detwler 1986).
Progress has clearly been nade in inproving our
under standing of the carbon cycle in tropical
forests, however results from research also denpn-
strate how nuch nore there still is to learn
about this cycle in the tropics.
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Xyl em Sap Technol ogy: A New Frontier in

Forestry Researchl

N. Stark2

Abstract.--This paper reviews sone of the
difficulties with existing forest soil and plant
chenical analytical techniques. The uses, ad-
vant ages and di sadvant ages of the new xyl em sap
technol ogy are discussed, along with results and
a description of sanple selection, extraction

and xylem sap anal ysis. Xyl em sap is extracted
from branches or roots using a nodified pressure
chanber . Nutrient distribution frequencies from
large areas for conifer and shrub species are
needed as a reference source for routine use of
the method. The newl y devel oped portable ex-
traction equiprment is described, along with re-
sults from analysis of sap from wild huckleberry
(Vaccinium globulare Rydb.) stens, alder, coni-
fers and tropical vegetation. The potential for
use of tree xylem sap technology to solve specific
types of problems with insects, diseases, aninmal
danage or growh is offered as a challenge to
expand the nethod.

Keywor ds: Tree extracts, Pinus ponderosa,
Pseudot suga nmenziesii, Vaccinium globulare,
xyl em sap.

This report surveys the devel opnent of soil
and plant chenical analysis for nmineral nutrients
and explores the potential of xylem sap analysis
for problem solving in forestry.

The field of forest soil chenistry has devel oped
slowmy, drawing heavily on the nethods used in
agricultural soil chemistry. Scientists have
acknow edged the deficiencies of agricultural
net hodol ogy in handling forest soil problens.
This is evident in the much nmore frequent use of
foliage analyses rather than soil analyses
(Youngberg & Davey 1968). Soi | extractions re-
quire digging a soil pit, while subsanples are
anal yzed using artificial extraction agents. Re-
sults show what that particular extracting agent
can renpve from the soil, not necessarily what is
avai l able and not how rmuch of each ion that is
used by the plant.

Soil sanples have to be dried, sieved, weighed,
extracted and brought to volunme prior to analysis.
The process is time consunming and when the data
are finally available, the analyst knows that the
results do not directly reflect what the tree wth
its specific nycorrhiza is able to take up. It
requires about 12 hours to collect and analyze one
soil sanple, not including drying tine. The inter-
pretation of forest soil chenmical data is still
part art, part science.

Because of the problens with using agricultural
met hods on forest soils (Page 1982, Wl sh and

lSyrrposi um on "Current Topics In Forest Research”

2Professor of Forest Ecol ogy, School of
Forestry, University of Mntana, M ssoula, Montana
59812

Beaton 1973) and because of the limited financial
support for forest soil chemstry as a distinct
science, foresters have relied heavily on foliar
anal yses. Foliar sanmples can be collected from
conifers at any tinme of year, however, the pro-
portions of mineral nutrients to organic conpounds
changes over the year, resulting in natural
changes in the per gram proportions of each

mneral nutrient. Thus, it is hard to conpare
foliar nutrient concentrations within species
from spring to fall or from year to year. Annual

conparisons may be confounded by differences in
the absolute anount of carbon fixed because of
variations in sunlight and other clinmatic factors.
Foliar sanples are not available in winter for
deci duous species, many of which translocate
nutrients from the leaf back into the stem before
absci ssion occurs. The total time for sanpling
deci duous foliage is a few short nonths between
the time the leaves are fully expanded and the on-
set of translocation prior to abscission.

In addition, foliage nust be collected, cleaned,
dried, ground, weighed, ashed or digested, taken
up in acid and brought to volume before cheni cal
anal yses can be made. Sanpl e collection and
anal ysis usually takes * 8 hours per sanple, not
counting drying tinme. The process is time-con-
sunm ng and costly. Although Zinke and
St angenberger (1979) have established reference
nutrient-frequency distributions for Pinus
ponderosa and Pseudotsuga nenziesii, these are not
stratified by possible exposure to pollution or by
soil types.

Anot her approach that has appeal ed to forest soil
scientists is extraction of soil water using either
pressure or tension (Marshall and Hol mes 1979).
Various lysineters and soil water probes have been
devel oped to collect soil water noving under the
influence of gravity or tension (Hanks and
Ashcroft 1980). The gravity-fed lysimeter is of

55



limted value in drier climtes when nobile soil
water is often unavailable. Even pressure and
suction devices will fail to produce water sanples
in dry summers. The porous cups used in soil

wat er probes have a tendency to accumnul ate phos-
phate and other ions, making them |ess valuable
over tine.

In spite of these drawbacks, sonme researchers
feel that soil water analysis is far superior to
anal yzing soil extracts nmade with artificial ex-
tracting agents. The nmin drawback is that no one
has established frequency distributions for soil
water ions that relate in any useful way to tree
growt h.

One other nethod, xylem sap analysis, had been
expl ored by ponologists primarily in the |abora-
tory to study the fornms of nitrogen transport in
xyl em sap using suction.

In 1978, a group of scientists at the School of
Forestry, University of Mntana, began exploring
the value of xylem sap in conifers as an indica-
tion of the water stress and nutrient stress
status of trees.

The idea of xylem sap extraction was not entirely
new. Bollard (1953, 1956, 1957) used tension ex-
traction of xylem sap from apple trees to study
the forms and nmoverment of nitrogen in fruit trees.
Ket chie and Lopushinsky (1981) collected natural
root exudates from conifers in the field and
anal yzed these chenmically. Schol ander and co-
wor kers (1966) used the pressure chanber in the
1960s to evaluate the degree of water stress in
trees. No one had explored the possibility of
field extraction of xylem sap, using the pressure
chamber to collect sap for chenical analysis.

THE DEVELOPMENT OF XYLEM SAP TECHNOLOGY FOR FORESTRY

Once it was established that xylem sap could be
easily obtained from roots or smaller branches
with a large Schol ander-type pressure chanber,
and that the sap had easily neasurable ion |evels,
it was essential to develop an understanding of
the degree and sources of natural variation in
xyl em sap chemstry. The sources of variation
that were examined were changes in ion concentra-
tion with differences in:

extraction pressure

tinme of day

tinme of year

tree to tree within species, random
tree to tree within species, paired trees
bet ween species

crown aspect

height into the crown

tree age

trees of one species on different soils
flush versus hardening-off

[EEGFIN
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12. insect or disease status:
a. infected with Endochronartium harknesii
versus uninfected
b. infested with Choristonera occidentalis
versus uninfested (sanme soil)
Cc. porcupi ne-danaged versus undaneged
d. root rot-infected versus uninfected

These prelimnary studies made it possible to
prescribe a standard extraction procedure for
conifers that can be used for neking controlled
conmpari sons of xylem sap chem stry.

The results of thousands of sap extractions are
now avail able (Stark and Spitzner 1985a, b).
These results show that the best way to obtain
xylem sap from conifers is to standardize col-
lection and anal ysis procedures. Trees from a
stand that has growth or other problens and con-
trol or healthy trees are sanpled with the
following criteria, for sanpling within a species:

a. sane tinme of day, (one branch fromthe test
plot, followed by a branch from the control
pl ot throughout the day)

b. or within ten days in tine of each other,
with similar weather conditions (cloudy
or rainy days are the best)

c. rainy days during the pre-flush period, if
the problem relates to poor branch growh.

d. within the md-growing season if the
problem relates to radial growh.

e. during winter if xylem sugar storage is of
concern

f. any tine of year if the problemis not re-
lated to growh and if sanples can be
taken alternately during the day from af-
fected and unaffected individuals.

g. trees of * 5 years in age

h. trees paired within a stand or class
(within affected individuals or wthin
unaffected individuals) by simlar physical
appearance, size, crown form density,
col or)

1. sanples from the lower one-third of the
crown.

j. on the west aspect if possible, although
aspect is of minor inportance

k. wthin a class, all individuals should
have the same apparent anmount and type of
di sease or insect problem or be totally
free of such influences depending on the
obj ectives of the study.

Defornmed individuals are sanpled only when they are
needed for a specific study.

Extraction Procedures

Branch ends or roots 60 cm long are cut and
stripped of bark for 6 cmat the cut end. The
wood is cleaned of phloem with acetone, and the
pressure is increased to allow reading of the
branch or root water potential. A tight-fitting
Tygon tubing is placed over the cut end to contain
the sap as the pressure is increased to 2.0 or
2.4 nmegapascal s. One milliliter of xylem sap is
renoved from the tubing with a syringe and added



to four mls of 0.12 N nitric acid. This sanple
is then analyzed by inductively coupled plasm
spectroneter for Al, B, Ca, Co, Cu, Fe, My, M1, Kk,
M, Na, P, Si and Zn. The whole process from
cutting the branch to data print out takes about
six to eight mnutes.

A second nmilliliter is remved from the branch,
and five microliters are injected into a nitrometer
for total nitrogen analysis by cheniluninescence.
The analysis takes about two mnutes.

During winter, branches store small anounts of

sugar in the xylem sap behind the bud. It is pre-
suned that this material (for Douglas fir
(Pseudot suga nenziesii (Mirb.) Franco) and ponder-
osa pine (Pinus ponderosa Laws.) nostly gl ucose
and fructose with sone pinetol) wll support sone
of the rapid new branch growth that occurs in
spring during flush. If the levels of sugar storage
are low, there is a possibility that the tree may
be energy linmted at the time of spring flush.
Root sugars can also be determned through sap
extraction and tissue analysis. One nl of sap
extracted in winter is analyzed by the phenol-
sul furic acid sugar nethod (Whistler 1964).

Since results of the xylem sap research have
been published (Stark and Spitzner 1985a, b), this
paper will concentrate on newer work and possible
uses of the nethod.

Xyl em Sap-of WId Huckl eberry

Xyl em sap extractions have been successfully
made from shrubs such as wild huckl eberries
(Vacci nium gl obul are). Shrub sap extractions are
slower than conifer sap extractions because of the
smal l er wood vol une per branch. The sap tends to
bubbl e excessively, but collections can still be
nmade easily by attaching a vessel to the end of
the Tygon tubing.

Xyl em sap was extracted from ten or nore
branches of Vaccinium globulare (wild huckleberry)
growing on habitually high and |ow production sites
in western Mntana. Sanpl es were collected under
simlar weather conditions within five days' tine
in July during fruiting. The high berry production
site was significantly higher in Al, B Fe, M
and Na in the sapconpared to the |ow production
site. The soils fromthe tw sites showed a
pattern of significant nutrient differences
(Table 1) for B, Ca, Cu, My and Na. Nutrient dif-
ferences between xylem sap and soil agree for B
and Na, but not the other nutrients. The reason
for this is that the roots of this plant take con-
siderable anmobunts of nutrients from the rotten wood
of the O layer, with |ess dependence on soil
nutrient€ than many ot her shrub species. Al so,
many of the nutrients are taken up selectively by
nycorrhizal roots so that soil nutrient avail-
ability determined from artificial extracts in
the laboratory would not necessarily correlate
directly with the concentrations of nutrients in
the xyl em sap. This is a problem with nost forest
soil chenical data. The concentrations of nutri-
ents in the artificial extracts do not necessarily

reflect what the plant takes up, only what is
available for uptake using a specific extracting
agent .

Table |.--Mean and standard deviation of nutrient
concentrations in xylem sap of Vaccinium

gl obul are during July from consistantly high

and low productivity sites, and available soil
nutrients as ung/g.

good site ,sap poor site sap
Nut ri ent X spt X SD
Al 3.5 0.4 0.2 0.03
B 0.06' 0.02 0.01 0. 002
Ca 10.3 2.1 7.7 1.6
cu 0.08 0.03 0.04 0. 004
Fe 0.09% 0.02 0.03 0. 002
Mg 3.7 0.9 2.6 0.8
Mh 2.0 0.46 1.4 0.4
Na 0.6 0.02 0. 002 0.001
P 4.5 0.91 5.6 1.1
Si 0.2 0.02 0.4 0.1
Zn 0.2 0.03 0.2 0.08
K 39 9 40 8
Total N 24.9 4.1 13.6 2.3
good site soil poor site soil
Nut ri ent X SD X SD
Al 1.77 1.4 15.4 10.9
B 0.7a 0.16 0.5a 0.2
Ca 2819a 418 2243b 658
cu 1.4a 0.3 1.0b 0.4
Fe 62 0.9 59 23
My 203a 24 168b 39
Mn 83 12 75 37
Na l4a 1.8 9.7b 2.6
P 18 2.3 20 8
Si 64 6 54 22
Zn 6.6 1.6 5.3 2.3
K 388 8 350 112
Total N 396 11 336 112

a’bfor soils, two means followed by different
letters are significantly different at p = <.05.

“for sap, these values are significantly higher
than those for the poor site.

dSD = standard devi ation.

The inmportance of boron to berry production is
apparent from juice, |eaves, xylem sap and soils
from high berry production areas conpared to poor
production sites. Sodi um i s hypot hesized to be
inportant only as a passive ion to influence the
osnotic potential needed to develop large fruit
size through water storage. It is not likely
that Na is taken up actively so that soil Na and
sap Na should correlate well.

Xyl em sap anal ysis of wild huckleberry has
provi ded evidence of potential control of berry
productivity by nutrient availability assum ng
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that climatic factors are not adverse for a
particular vyear.

Sap extraction from shrubs would be of potential
val ue in studying shrub nutrition and in exam ni ng
the influence of fire on the nutrient status of
shrubs. The value of shrubs to wldlife night
al so be studied using xylem sap technol ogy. An
exanpl e would be the analysis of xylem sap quality
of the edible branches of shrubs before and after
fire.

Xyl em Sap Analysis for Conifers

One inmportant aspect of the devel opnent of sap
technology is to establish what ranges of ions are
likely to be found in the sap of each major conifer
species relative to growh rate. This is a
sizeable job, but sone guidelines have already
been established for Pseudotsuga nenziesii
(Dougl as-fir), Larix occidentalis (western larch)
and Pinus ponderosa (ponderosa pine) from good
and poor growth sites. These data wll eventually
be published and will provide a frame of reference
agai nst which xylem sap from trees of these species
in other areas can be conpared. Such conparisons
wi Il alnpst certainly show significant differences
in sap ion concentrations by major soil types and
may al so reveal ecotypes. Such broad-based sap
chemistry data nust be assenbled and published.

It will be of potential value in studying air
pol | ution. If the crowns are weakened by air
pollution or the soil ion populations are altered,

the xylem sap chenmistry should reflect these
changes.

Xyl em sap anal yses of subalpine fir (Abies
| asi ocarpa (Hook) Nutt.) seedlings grown under the
i nfluence of alder (Al nus sinuata (Regel) Rydb.)
Wi th nitrogen-fixing symbionts and away from al ders
showed significantly nore nitrogen in the seedlings
near alder, as expected. Xyl em sap analysis can
be used to detect changes in plant uptake patterns,
enrichment from fertilizer or changes in ion
availability. Sap anal yses make it possible to
detect fertilizer uptake in 70 percent of the
trials for nitrogen and 60 percent for other ions.
The timng of sampling after fertilization is
critical.

Xyl em sap chenmistry correlates closely wth
apparent radial growth rates. On sites where the
soils were different (alkaline, pH 7.5 and acid,
pH 5.8) but precipitation and tenperature were not
significantly different, Pinus ponderosa and
Pseudot suga nenziesii both showed significant dif-
ferences in the concentrations Ca, My, M, P and
total N in the xylem sap during summer. These
nutrients are now being applied as fertilizers to
determine if statistical significance relates to
bi ol ogi cal significance -- i.e., radial growh.

Xyl em Sap Analysis of Roots

Roots of trees may al so be extracted for xylem
sap but not as easily as branches. For shallow-
rooted speci es such as | odgepol e pine (Pinus
contorta Dougl.) it is relatively easy to locate
a secondary root near the base of a tree and pull
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the root |oose with gentle excavation. Thi s

met hod worked well with shall owrooted tropical
trees as well. Roots are extracted in the same
manner as branches. A conparison between root
nutrient concentrations and nutrient concentra-
tions in the lowest live branch provides an esti-
mat e of how nuch nutrient is being used by the
bole in radial growh.

Xyl em Sap Analysis O Tropical Species

Routi ne xyl em sap extractions are made with
equi prent nmounted on the tailgate of a pickup
truck. This system works well wherever there are
roads. In July 1986, the equipnent was made nore
portable for use away from roads. The pressure
chanber was mounted on an al umi num pack frane
with short feet to allow it to stand three feet
high for easier use from the ground. It is dif-
ficult to haul a large air tank over uneven
trails, so the air systemwas nodified to use a
SCUBA airtank for the air supply. This required
adapting a SCUBA regulator that connects to the
tank to a two-stage air regulator that will con-
trol delivery pressure to the chanber by tapping
into the high pressure port of the SCUBA regul ator.
When nounted, the system weighs about 24 Kg, plus
the weight of the air tank. The SCUBA air tank
wei ghs about the sane as the pressure chanber and
can be carried in a SCUBA tank harness or a
standard backpack. A SCUBA tank will permt about
20-24 extractions at low pressure (150 psi). The
front pouch of the backpack is useful for storing
the syringe, vials, knife, tubing and other
accessories needed for extraction.

The portable extraction system was used success-
fully in Panama at the Smithsonian Tropical Re-
search Institute's Barro Colorado Island Preserve.
Branches were extracted from Hybanthus prunifolius,
Psychotria horizontalis and Psychotria furcata
(al'l understory plants) from plots receiving sup-
plemental irrigation during the dry season and
others that were not receiving irrigation. The
study is being conducted by Dr. S. Joseph Wi ght
of the Smithsonian Institute and the author. The
obj ective of the study is to devel op an under-
standing of the nornmal functioning of this tropical
ecosystem by renopvi ng one stress--dry-season water
deficits--and comparing the nutrient status of the
soils and vegetation with and w thout dry-season
wat er stress. Results are not yet available, but
there are some interesting trends in nutrient up-
take that will be reported at a later date.

SUMVARY

In summary, there are many possible new and
potentially valuable uses of this technique,
especially now that the extraction system is por-
table. Probl ens of tree growth, disease or in-
sect danmge, animal damage and nmany other possible
uses of the nethod have been tentatively explored
by the author, but there are nany uses yet to be
di scovered for this new analytical tool, all of
which could help to advance the field of forest
sci ence.
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Cal ci um and Phosphorus Content of Oak Ectomycor-
rhizae from Mull and Mor Forests of Northeastern

Pennsylvarliai

L. Mineog; J.L. Wasserman®; S.K. Majumdargg

C. VanTyne3 and R. Zelnick?®

Ect onycorrhizae (M) , the synbiotic root-fungus
associ ations of many tree species indigenous to
tenperate forests, are characterized by swollen
root tips of the host species. I"ungal hyphae
grow as a mantle covering the root with the ex-
panded hyphal network in the soil significantly
increasing the absorptive surface of the host
root (Bowen, 19'73; Skinner and Bowen, 1974). In
this way, M enhance the uptake of essential ele-
ments such as phosphorus (Powell, 1982). The
i nportance of ectonycorrhizal roots has been
denonstrated in nutrient poor soils (Bowen, 1973;
Harl ey, 1969).

Nunerous parameters influence ectomycorrhizal
formation and function. Soil nutrient factors
pronoti ng ectomycorrhizal formation include
noderate to low levels of P and N (Marx, et al .,
1977; Powell, 1982). Low P |levels increase phos-
phatase activity and P uptake (Al exander and
Hardy, 1981; Bartlett arid Lews, 19'73; D ghtou,
1983). In acid soils essential nutrients are
generally low, a situation favoring ectomycor-
rhizal formation and function, but heavy netal
availability is enhanced (Buckman and Brady,

1969) . The toxicity of heavy netals on ecto-
nmycorrhizal fungi (Thonpson and Medve, 198L4),
root growth and biological function (Foy,etal.,
1978), have been denonstr at ed. Qur field sanples
have indi cated heavy nmetal |oadings in oak M from
acid-nor but not from neutral-mull forests
(Majumdar, et al., 1986); we have previously
shown the ectonycorrhizal frequencies (Mrs) of
oaks in the acid-nmor to be considerably |ower
than those in neutral-null forests (Mineo et al.
1984). Both the diversity of mycorrhizal fungi
and resultant ectonycorrhizal norphology differ in

"Presented at the Synposium on Current Topics in
Forest Research, A National Synposium Novenber
4-6, 1986. Gainesville, Florida.

2Depart nment of Biology, Lafayette College,
Eastor., PA 180k2.

3Department of Metallurgical Engineering,
Laf ayette Col |l ege, Easton, PA 18042.
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Abstract.--Ectonycorrhizal roots of two forest-
grown oak species, Guercus alba and Q. ruhra,
contained significantly nore calciumin the neu-
tral hunus-null than in the acidic hunus-nor soils.
Phosphorus content was reversed; that is, oak
ectecmycorrhizae contained significantly ‘higher
phosphorus | evels in mor rather than mull soils.
These results, obtained with x-ray microanatysis,
reflected the availavle cal ci um and phosphorus
content of each soil type, and on closer exam -
nation reiterated the regulatory role of ecto-
mycorrhizae for phosphorus but suggested an addi-
tional regulatory role of ectomycorrhizae (M) for
calcium. High calcium in the mull soils appeared
to be exciuded from M

Keywor ds: Ectomycorrhi zae, calc iun, phosphorus,
humus-muil, humus-mor , Juercus alba .Quercus
rubra.

mor and mull oak forest.:; (unpublished, Mineo,

et al.!. Acid environnent.; may rCavor neither
ectomycorrhizal formation nor function, but many
interacting factors arc involved in these processes.

Various phye ical factors encourage ectomycor-
rhizal formation and “unction such as moderate
soil molisture, aeration and tenperatures (Powell,
1982). Root density alone has 'been shown to
influence solute uptake from soil (Baldwin,
et al., 1972); St. John and Coleman {(1983)
poi nted out the importance of avail able soil
volune and community structure in the overall
assessment of the biological significance of M

Ect onycorrhi zae, although influenced by the
many variables of natural environnents, benefit
the host plants in several ways other than the
increase of essential elenment uptake. Tor exanple,
the hornonal bal ance of M offsets the aging of
those root tips (Meyer, 1974); also the protection
agai nst certain pathogens is enhanced by the pro-
duction of antinicrobial conmpounds and the forna-
tion of a structured rhizosphere containing other
beneficial microbes (Marx, 1973). In addition,
Fogel (1980) and others have pointed out the
inportance of M in nutrient cycling processes in
natural environnents. In turn, ectomycorrhizal
fungi are dependent upon their hosts for both
carbohydrates (Bjorkman, 1970) and ot her substances
such as B-vitam ns; photosynthesis, then, has been
corrolated with nmycorrhizal devel opment (Bjorkman,
1970; Marx et al., 1977), with decreased photo-
synt hesi s causing decreased M.

The purpose of this study was to conpare the P
and Ca content of oak ectonycorrhizal mantles
fromtwo different forest soils with the content
of those soils and to consider the influence of
M on the incorporation of P and Ca into both the
mantl e and host fine root tissues. This attenpt
to understand natural processes seenms appropriate
considering the inmportance of oaks in many forest
communities and the general lack of this kind of
information for these species.



METHODS

Rootand Soil Sanpl es

Beginning in the spring of 1984, oak root/soil
sanples were collected nmonthly (May-Septenber) in
both mull and mor forests using the methods of
Harvey, et =21.(1979). Soil and tissues were
taken fromwithin the foliar canopies of appar-
ently healthy trees (25 to 76 centineters dia-
neter at breast high). "The term "null" refers to
forested soils with a humus-rich | ayer consisting
of m xed mineral and organic naterial that blend
wi t hout «rn abrupt change in soil characteristics.
Most feeder roots and M were |ocated in the AH
horizon which was deep (25 centineters) and rela-
tively stone-free. The term "mor'" refers to
forested soils with a distinct, unincorporated
humus layer of organ:: material that is often
matted (Armson, 1977). Most of the feeder roots
and M were located in the shallow (7 centineters)
02 horizon which was often stony. Study areas
were within a 25 mile radius of cach other and
were chosen to exclude sloped or disturbed soil::.

Soil Analyses

Composite soil samples fromeach forest-type
were analyzed seasonally by the Soil and Environ-
mental Chemi stry lLaboratories of The Pennsylvania
State University. Standard nethods as found in
Black(196Y)wereused to obtain plant-available
level s of elenents. Pot assi um and cal ci um val ues
were obtained from ammonium acetate extractions,
whi | e phosphorus values were obtained from ammo-
nium fluoride extractions. "The nean values of
pl ant-avail able elements in the upper soil horizon
of each forest ('Table 1) were calculated from 5
sample sets taken over a 3-year period (198k-
1986). Each sanple set was conprised of 10 soil
cores.

Root Anal yses

Representative active ectonycorrhizal roots
(swollen and 1ight-colored) chosen from the soil/
root sanples were fixed in FAA (formalin, 50 per-
cent ethyl alcohol and glacial acetic acid,;
5:90:5). Soil-free M chosen at random for ele-
mental analysis were cross-sectioned using a
cryostat, dehydrated in an ethanol series and
critically point dried. The roots were then
carbon coated and placed on carbon microscopy
st ubs. "Twenty-five roots from each |ocation and
for each species were analyzed for elenental
content using a Princeton Gamma- Tech System |||
ener gy-di spersive spectrometer (EDS) attached to
a scanning el ectron mcroscope (Figure 1). During
an analysis, an electron beam focused on the
sanpl e produced an x-ray enission pattern which
the EDS detect ed. The x-ray counts (or intensity)
were displayed as a function of x-ray energy.

The spectral peaks corresponded to constituent
elenents within the sanple; continuum x-rays
(background) were routinely subtracted from the
characteristic x-rays (Figures 2 and 3). Wth
this technique exact elenental concentrations
cannot be directly obtained, but spectrum peak
areas (or x-ray intensities) can be conpared

between different sanples to determ ne which
sanple has nore of a particular elenent in ques-
tion (Princeton Gamma- Tech, 1981). For exanple,
the precise concentration of calciumw thin a

ti ssue cannot be determined, but the ratio of Ca
x-ray intensity/K x-ray intensity from one speci-
nmen can be conpared to that of another. Katio
usage minimzes the inherent variation that
occurs from sanple to sanple such as differences
in surface roughness (and cell orientation), and
in spot size, age of the filament or run tine.
Run tine of 150 seconds, spot size which produced
200 counts per second and working di stance of 23
milimeters were routinely used (CGoldstein,

et al., 1981.). 1In order to nornalize the spec-
tral information for conparative purposes,

pot assi um was chosen as the ratio denoni nator
since chenical analyses indicated that potassium
was simlarly available in null and nor soils

(' Table 1) and since potassium appeared to be
present in the mid-range of counts on each spec-
trum  Actual concentrations of K Ca and P for
bulk fine root tissues were determined by the
lForage Testing Laboratory of The Pennsyl vani a
State University (Table 2) using wet ashing pro-
cedures coupled with absorption flame spectro-
photometry nethods (Sutcliffe and Raker, 1978).

The EDS x-ray mcroanal yses were perfornmed
around the outer cortex of each sample in the
region of the mycorrhizal mantle. Rel ative x-ray
intensities of elenents within a given root
sanple were basically simlar for various alter-
nate |ocations on the peripheral mantle.

RESULTS AND DI SCUSSI ON

Fastern Pennsylvania is geol ogically diverse;
the soils of the Lehigh Valley region, where
forest-null sanples were collected, were derived
mainly from neutralizing carbonates of |imestone
and dolonmite (Soil Survey, 1974), and resulted
in neutral soils (pH6.5-7.1, AH horizon) with
low |l evels of heavy metals and 12 percent organic
matter (Mineo, et al., 198L). Four null forests
were sanpled; in each forest, oaks (Quercus al ba
and Q rubra) predonminated. The understories
wer e-conprised of Cornus florida, Vibernum spp.,
Rhus radicans and various herbs. The overall
root densities per unit volune of soil were |ow
Ir: contrast, the Pocono -oils, where forest-nor
sanples were collected, are underlain with sand-
stone, shales and conglonmerates and possess |ess
buffering capacity. The resultant nor soils of
the 02 horizon were acid (pH3.8-L4.7) with high
I evel s of avail able heavy netals and 41-51 per-
cent organic material (Mineo et al., 198L4). Two
nor forests were sanpled; oaks (Quercus ruhra,
Q prinus, Q.alba and Q velutina) predoninated
wi'th Acer rubrum as a commpn associ ate. The
understories were conprised of Hamamelis
virginiana, Rhododendron spp., Vaccinium spp.,
Gayl ussaci a spp., Caultheria procumbens and
di verse nobsses. The overall root densities per
unit volune of soil were high.

Al t hough the geol ogy, soils and community
structure in each forest type differed as stated
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above, the forests appeared to be sinilar in soil
moi sture, aeration and tenperature. Aso, all
sanpl ed oaks occupied the overstory and received
direct sunlight on a sizable portion of the
canopy.

Cal cium and phosphorus concentrations differed
in each soil type. Calcium levels were espe-
cially high in the mull soils (nean, 2,856 ppm
but lower in the nor soils (nean, 500 ppm;
these mean values were significantly different
from each other (4NOVA p 0.01). Phosphorus
level s were sonewhat reversed, that is, wth
| ow-normal levels (nean, 29 ppn) in the mor soil
but with |low concentrations (nean, 10 ppn) in
the null soil (aANOVA p 0.05) (Table 1). On the
other hand, potassiumlevels of both soils (245
ppm mull; 230 ppm nor) were simlar. The data
in Table 1 represent the plant-available
nutrients of the upper soil horizon, as nost
of the Mand fine roots were found in this
hori zon.

1,2
Table 1 Elemental Content (ppm) of Mor and Mull Soils

P K Ca
Mull (neutrat) 1O 245 2.656 *
Mor (acid) 29 230 500

lVaIues, as ppm. represent the means of 5 sample sets taken
over a 3-year perlod. Each sample set was comprised of 10
sol} cores. Values are given for the A horlzon only.

2Scm analyses were performed by the Sefl and Environmental
Testing Laboratories of The Pennsylvanla State Unlversity;
plant available concentrations were determined according
to standard methods (Black. 1965).

t 3
Mull, significantly different Irom mor (p<0.01, ANOVA)

M
Mull. slgnlificantly different from mor (p<0.05, ANOVA)

The cal ci um and phosphorus content of the
nycorrhizal mantles generally reflected the
availability of essential nutrients in these
soils. X-ray mcroanal ysis procedures, which
displayed the nascent levels of elements within
this small tissue area, indicated that cal cium
levels were high for both oak species in the
humus-nmul | (bl ack bars) but low in the hunus-nor
(hatched bars) as shown in Figure 1. These
cal cium (Ca/K) values of mull M were signifi-
cantly higher than cal cium (Ca/K) val ues of nmor
M (ANOVA p 0.05). Phosphorus levels, on the
other hand, were reversed; that is, low in the
hunus-mul | (bl ack bars) but high in the humus-
nor (hatched bars) and also significantly dif-
fered fromeach other (ANOVA p 0.05).
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lu) i .
Using X-ray Microanalysis
white 0ak
. Muli
Mor
Ca P

Figure |. X-ray microanalysis data indicated that both redandwhite oak
mycorrhizae contained higher calcium levels In mull (neutral)
than 1nmor (acid) seils. The reverse relationshipoccurred for
phosphorus; lower P levels were foundin the mycorrhizae of
mull setl than In acid solls.

null. significantly different from mor (p<0.05, ANOVA)

Representative x-ray nicroanal ysis spectra
(Figures 2 and 3) exenplify the results of
Figure 1, nanely, high calcium levels in the
nycorrhizal mantles of red oak fromthe humus-
mul | soil (Figure 2) with noderate potassium and
| ow phosphorus levels as well as |ow heavy netal
levels. Figure 3 indicates the noderate cal cium
and potassium levels, but also the high phos-
phorus levels, in red oak mycorrhizal nantles
from hunus-nor soil. Enhanced heavy netal con-
tent is also visible on this spectrum  Spectra
of white oak Mwere sinilar to those of red oak
in each respective soil type.

A conparison of soil contents (Table 1) with
relative ectonycorrhizal mantle contents
(Figure 1) suggests a regulatory role for Mwith
respect to cation inclusion especially in high
Ca soils. The mull soil which was higher in [Ca]
than {k] by one order of nmgnitude, showed only
slightly nore Ca included in Mthan K This
suggests differential incorporation of Ca and K
into M; either K is excessively favored or Ca is
excluded fromthe M  Cal cium exclusion is con-
sistent with the intricate roles of Ca in plant
devel opnent (Hepler and Wayne, 1985).

A conparison of [P]in soil with that of [K]
(Table 1) also denonstrates one order of nagni-
tude difference between the availability of these
two elenents, but the inclusion of simlar anounts
of both elenents in the M from nor soils (Figure
1) enphasi zes the accumul ation of P by M when [P]
inthe soil is low The enhanced P content of
the nycorrhizal nmantles, over that in the sur-
rounding soils, is consistent with the data of
several other investigators for species other
than oak (Al exander and Hardy, 1961; Bartlett
and Lewis, 1973; Dighton, 1983; and Skinner and
Bowen, 197L4). Qur data indicate that oak M al so
concentrate phosphor us.



RED OAK MYCORRHIZAL MANTLE

1288

COUNTS

6.8 ENERCY (XEVI 1t

Fig 2 K-ray microanalysis spectrum (corrected for background
emission) of Red oak mycorrhiza in humus-mullsoil,
August 1985

RED OAK MYCORRHIZAL MANTLE

88 ENERGY (XEV) 10.8

Fig 3 X-ray microanalysis spectrum (corrected for background
emission) of Red oak mycorrhizain humus-mor Ssotl,
August 1985

The differential P content of nor and mull oak
M, as indicated by x-ray microanalysis, however,
does not reflect the overall P content of fine
root tissue (Table 2). The P content of both
mor and mull M provide the sanme general P content
to the host tissue (0.10-0.13 percent). This
rather even distribution of P to fine root tis-
sues inplies a further regulatory role of M with
respect to the host plant; the actual nechani sm
of the novement of P into host remains inconclu-
sive (darkson, 1985). These data for the tissue
levels of P correspond to those reported by
others for oak (Fogel, 1980), for tree species
other than oak (Chu-Chou, 1978) and pl ant tissues
general ly (Sutcliffe and Baker, 1978).

) ) 1,2,3
Table 2. Elemental Content {pct) of Bulk Fine Root Tissue

P K Ca
w010 091 0.83
red Oak " (0.08-0.11) (0.66-1.16)  (0.55-1.27)
ed Oa or 0.13 0.61 0.50
0.12-0.14) (0.49-0.68) (0.3 1-0.64)
man 012 1.00 1.18
(0.1 1:0.13) (0.79-1.33)  (0.88- 157)
White Oak . 0.13 0.55 0.56
(0.11-0.16) (0.43-0.65)  (0.25-0.80)

lThese data represent the mean value Of several trees Of each
specles In each forest location.

2The data for two successive Summers were combined (1985,

1986) with the range of percentage valuesin parentheses.

3Flne roots are 1.5 mm or less In diameter.(Mycorrhizae made
up only a small amount of the bulkfine root samples.

The cal cium and potassium content of bulk fine
roots (Table 2) fromnull-forests appeared to be
simlar in both red oak (Ca, 0.83 percent; K
0.91 percent) and white oak (Ca, 1.15 percent;

K, 1.00 percent) but were present at uniformy
|ower levels in the nor-forest roots (Ca, 0.50
and 0.56 percent; K, 0.61 and 0.55 percent).

The high Ca levels of the mull mycorrhi zal
mantles, as indicated by x-ray nicroanalyses,
were not found in the fine root tissue. Al though
the fine roots of the mull forest contained
higher Ca levels than those of the nor forest,
the proportion of Ca/K was |ower than expected
in the null and higher than expected in the nor.
These results suggest other differential or
regulatory roles for the nycorrhizal nmantle at
the host-tissue interface.

The calcium levels found in fine root tissues
fromthe mull forests (0.8-2.1 percent) were
consistent with those reported for plant tissues
generally (Epstein, 1972; Sutcliffe and Baker,
1978); however, the tissue-calciumlevels found
in the fine roots fromnor forests were at the
| ow end of the range (0.5 percent) and approached
the margi nal concentration supporting mtosis
(Hepl er and \Wayne, 1985). The | ower val ues re-
ported for nmor roots were | ess than those re-
ported for river birch in acid soils with simlar
avail abl e [Ca++] (Bartuska and Ungar, 1980) but
were closer to those reported for Quercus robur
as presented in the review by Fogel (1980). In
an evaluation of Cat++ in plant devel opnment,

Hepl er and Wayne (1985) have pointed out the
paradox of intracellular Cat++ function at sub-
m cronol ar concentrations but an apparent re-
quirement for Ca++ at the millinmolar |evel over-
all.

Al though many factors other than Minfluence
pl ant productivity (St. John and Col eman, 1983),
the soil-root interface provides a significant
portion of the prerequisites for potential pro-
ductivity and needs to be considered as part of
the total picture. A regulatory role of M has
been suggested by these data for Ca as well as
those proven for P, however, in the case of Ca,
exclusion is suggested when soils contain high
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Ca levels. Under these conditions Ca exclusion
is consistent with the role of Ca in plant
devel opnent .
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SO L PHYSI CAL AND CHEM CAL PROPERTI ES ASSQOCI ATED
W TH THREE SI TE PREPARATI ON TECHNI QUES AND THEI R
EFFECTS ON GROMH AND SURVI VAL OF SEEDLINGS IN

NORTHERN | DAHOL

D. S. Page—Dumroesez, M F. Jurgensen3, R T. G ahan,
A E Harvey'

ABSTRACT

Survival of outplanted western white pine and
Dougl as-fir is often hanpered by droughty soil
conditions in the northern Rocky Muntains. This
study was initiated to conpare soil properties from
three site preparation techniques and to assess the
i npacts on seedling survival and growth for, a
relatively dry pianting site and a noist planting
site. Surface organic matter and mineral soil were
mechani cal |y nounded to form raised planting beds
on two cedar-hemock sites in the northern Idaho
panhandl e region. Soil properties and seedling
growth resulting from this treatment were conpared
with scalped and nmininum scarification treatnents
on both sites.

Organic matter content was significantly (P<0.05)
altered by site preparation, as was bulk density.
Nutrition in the soil was inmproved in the raised
planting beds. An increase in volume of organic
matter in raised beds acted as nulch, thus
retaining subsurface noisture and noderating soil
tenperature. Seedling top growh was not
significantly altered the first year, but nutrients
in the foliage were significantly increased in the
mounded treatments. Rooting depth was also greater
in the nounds. Bedding the soil was nost
beneficial on the site with low organic matter and
warm dry soils. On the site with noderate
moi sture and good soil, the minimally disturbed
treatnent was just as productive as the raised
planting bed treatnent.

KEYWORDS:  Site preparation, bedding, scalping,
soil physical properties, soil chemcal properties.

Historically, artificial regeneration in the
Pacific Northwest has been unsatisfactory on sites
with |ow soil noisture, high evaporative demand and
| ow nutrient status (Haig and others 1941; Foiles
and Curtis 1973). On such sites adequate stocking
levels may be achieved through nechanical site
preparation which provides favorable mcrosites for
moi sture and nutrient accumul ati on and reduction of
vegetative conpetition (wellner 1976). Use of
scal ping, burning, scarification or a conbination
of these are effective for ease of planting, but
survival is often poor (Beebe 1982). Site
preparation techniques that utilize nounding of
surface organic and nineral soil have been
effective elsewhere (Wrst 1964; WIlhite and
Harrington 1965; McMinn 1969; Shultz and Wlhite
1974,

lpresented at the Symposium on Current Topics in
Forest Research, Gainesville, FL.
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Project Leader, respectively, Internountain
Research Station, US. Department of Agriculture,
Forest Service, Mscow, |D 83843.

3professor of Forest Soils, Department of

Forestry, Mchigan Technol ogi cal University,
Houghton, M 49931.
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Francis 1979; Frederick and others 1984). This
technique concentrates linited noisture and
nutrients into the planting zone for nore effective
seedling uptake.

In northern Idaho and the Pacific northwest in
general, the growing season is characterized by
harsh growing conditions, including drought and
extensive heat, which can markedly reduce seedling
performance especially for high value species such
as Douglas-fir (Pseudotsuga nenziesii var. glauca
[Mirb.] Franco) and western white pine (Pinus
nonticola Dougl. ex D. Don). Munding mneral soil
and surface organic matter may alleviate nuch of
the environnental stress inposed on seedlings in
this area. This study was initiated to conpare
potential effectiveness of nounding to commonly
used site preparation techniques which are utilized
for alleviating environmental limtations to early
seedl i ng perfomance.

MATERI ALS AND METHCODS
Locati on

Two sites, located on the Priest River
Experinmental Forest near Priest River, ID were
used for this study. One site is located at an
el evation of 715 m above sea level on a flat



bench adjoining the Priest River. It is the warner
and drier of the two sites. The habitat type is
classified as Abies grandis/ Synphoricarpos albus
(Cooper and others in preparation) and the soil is
classified as andic Xerochrept. Annual
precipitation averages 83.8 cm with a mean annual
tenperature of 6.6°c (Finklin 1983).

Site 2 is at an elevation of 1 456 m above sea
level. The slope angles range from 10 to 35
percent and have north-to-northeast aspects. The
habitat type is classified as Tsuga heterophylla
/Clintonia uniflora (Cooper and others in
preparation) and the soil is classified as a Typic
Oyorthent. This area is considered a productive
forest site. Annual precipitation at this
elevation is 92.3 cm and the nean annual
tenmperature is 5.3°C (Finklin 1983).

Treat nent s

Two randonized conplete block experinents were
establ i shed, one on each site. At the low
elevation site there were three treatnents with
four replications, and at the high elevation site
there were three treatments replicated three tines.
The high elevation site was divided into three
separate |-ha areas, each was clearcut, and had
approxi mately the sanme slope, aspect, soil, and
habitat type. The treatnents consisted of:

1. Mund--nixing the top 10 cm of nineral
and organic soil into beds
approxi mately 46 cmhigh and 30 m | ong.
2. Scal p--renoval of the top 10 cm of
mneral and organic soil by machine.
3. Mniml disturbance--essentially
undi sturbed after harvesting.

Each treatment was planted with either
containerized Douglas-fir or western white pine
seedlings at a 31 x 46 cmspacing with 218 trees
per treatment. Trees were grown in 4 cmd cells at
the vu.s.p.a. Forest Service, Coeur d'ARlene Nursery,
Coeur d'Alene, ID. The Douglas-fir and western
white pine utilized were adapted to each of the two
el evati ons.

Sanpl i ng

Soil sanples and seedlings were collected from
each treatment four times during the grow ng
season. Soil sanples were collected from 15
randomy selected microsites within each treatnent,
to the maxi num depth of the rooting zone. These
sanpl es were categorized by soil type based on
their organic/mneral conposition. Tenperatures
were taken of each soil category under each
seedling. Bulk density sanples were taken at
depths of 0 to 5 cm 10 to 15 cm and 20 to 25 cm
at five random points in each treatment. Fifteen
seedlings were neasured for height and total
rooting depth.

a1l soil sanples used for chenical and physical
anal ysis were passed through a 2-mm Sieve. Bulk
density and noisture content sanples were dried at
105°c for 24 hours. Oganic matter was deternined
by weight loss after conbustion at

375°c for 16 hours. Ca, My, and K were extracted
with 1 N anmoni um acetate adjusted to pd 7.0 and
determined using atomic absorption techniques
(Black 1965). Soil pH was determined using 1:2
soil:water mix. Total soil nitrogen and
phosphorous were determ ned by bl ock di gestion and
anal yzed using Techni con Autoanalyzer techniques
(Bremner 1965).

For Ca, My and K determinations, foliage was
ashed and extracted using 2 Nnitric acid. Analysis
was performed by atonic absorption techniques.
Total foliar nitrogen and phosphorous were
determned after block digestion and anal yzed using
Techni con Autornalyzer techniques.

An analysis of variance was conducted on the
data, utilizing a randomized conplete block design.
The treatment neans were separated using Duncan's
multiple range test.

RESULTS AND DI SCUSSI ON

Soi | Physical Properties

Mounding the organic and surface nineral soil
layers had a large inpact on soil physical
properties. The changes that occurred were usually
associated with the degree of disturbance. The
mounded treatnents at both sites had significantly
(P<0.05) more organic matter than the scal ped
treatnent as can be seen in table 1.

The nminimally disturbed treatment was not
significantly different from the nounded treatment
because this treatment was maintained as
undi sturbed as possible and nuch of the organic
matter was |eft intact. The higher levels of
organic matter in these two treatments are also
reflected in |ower bulk densities at both sites.
The nminimally disturbed treatment showed a slight
increase in bulk density with depth because it was
not layered with organic matter as was the nounded
treatnent (table 2). Soil density in the scal ped
treatment also increases significantly with depth.
This is probably because organic matter was renoved
and soil particles were sonewhat conpacted. M xing
of the organic matter with the mineral soil in the
mounds inproved aeration of the treatment and can
be seen in the lack of bulk density change
throughout the profile.

Table |.--Organic matter (s) for each elevation and
treat ment
M ni mal
Site Mound Scal p di st urbance
- percent -
Low el evation 15.0a 9.4b 14.4a
H gh elevation 27.5a 14.5b 29.2a

Different letters indicate significant differences
(P<0.05) across treatnents.
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Table 2.--Bulk density (g/cc) means at three depths
from both elevations

Mninmally
Mound Scal p di st ur bed
------ g/cc- -
Low el evation
5cm 0.7a 0.9a 0.7a
15 cm 0.7a 1.1b 0.8c
25 cm 0.7a 1.3b 0.8¢c
Hi gh elevation
5cm 0.5a 0.9b 0.5a
15 cm 0.6a 0.9 0.7a
25 cm 0.6a 1.0b 0.8a

Different letters indicate significant differences
(P<0.05) across treatnments.

Concentrating organic matter and surface mneral

soil into mounds increased the noisture content of
the soil in the rooting zone at the high elevation
(table 3). This was nost evident during the peak

growi ng nmonths of July and August. Only small
differences in npisture content between treatnents
were detected at the low elevation site.

At the low elevation the scal ped treatnent had
less soil moisture than the high elevation during
all the sanple dates except Septenmber. At the high
elevation-site, large soil moisture differences
occurred anpong treatments, particularly the nounded
and scal ped treatments. These differences were
likely caused by the increase of organic matter in
the nounds, which increased noisture hol di ng
capacity by inproving soil structure and porosity.

Soil tenperature data were recorded throughout

the growi ng season, however nounding had little

Tabl e 3.--Moisture content (%) in the rooting zone
for each treatment and sanple date

Mninmally
Sanpl e Mound Scal p Di st ur bed
——————————— percent—-———————m~——-
Low el evation
June 37.7b 36.9b 39.6a
July 46.7a 39.2b 46.9a
August 49.3a 46 .6a 48.9a
Sept enber 37.8b 39.7b 36.5b
Hi gh elevation
June 37.5b 39.8a 36.5b
July 81.8a 53.6a 86.4a
August 71.3a 45.1b 65.5b
Sept enber 66.6a 46.4b 76.5a

Different letters indicate significant differences
(P<0.05) across treatnents.
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effect on it. The tenperatures at the high

el evation averaged 3-4°C lower than those at the
| ower elevation from June to August. Lower
temperatures were expected in the npunded
treatnents because mpisture content is positively
related to organic matter content and inversely
related to tenperature (Shultz and Wlhite 1974;
Morris and Pritchett 1983). During the summer of
1983, rainfall at the low site exceeded the 75-year
average by 9.8 cm and at the high site by 14.6 cm
This heavy rainfall throughout the growi ng season
is believed to have negated any mjor effect of
nmounding on tenperature or noisture content.

Soil Chenmical Properties

The soil chenical properties were also affected
by concentrating organic matter into nounds.
However, in nmany cases the differences were not
significant. Soil acidity differences were found
between the scarified treatnents and the mpunds at
the high elevation and could be attributed to a
greater conponent of decayed wood. The | ow
el evation soil generally had a higher pH than the
soil at the high elevation and this difference is
likely due to base cycling by grasses present at
the low site. There were no significant differences
bet ween cal cium magnesi um or potassium between
treatnents during the first grow ng season.

Moundi ng surface organic matter and mineral soil
significantly changed the concentration of total
nitrogen in the soil profile. At the |ower
el evation the highest percentage of total nitrogen
was found in the mounded treatnents and the |owest
percentage in the scal ped treatnents (table 4}).
This was a reflection of soil organic matter
content. The high elevation treatnents had a
greater percentage of total nitrogen than the |ow
el evation treatnents. Some of the differences nay
be accounted for by the large quantity of undecayed
wood that was incorporated into the mounds at the
hi gh el evati on.

Tabl e 4.--Total nitrogen and total phosphorous
concentrations (%) in the rooting zone as
affected by site treatment (all strata
types conbi ned)

Mninmally
Mound Scal p di st urbed
——————————— percent-———-———===
Low el evation
Total Nitrogen .27a .12¢c .18b
Total Phosphorous .28a .25b .2%a
Hi gh el evation
Total Nitrogen .31la .34a .28b
Total Phosphorous .lla .13a .15a

Different letters indicate significant differences
(P<0.05) across treatnents.



The lowest concentrations of total phosphorous at
the low elevation were in the scal ped treatnent and
are due to the renopval of organic matter (table 4).
In general, higher phosphorous concentrations were
present at the |ow el evation than at the high
el evati on. Since the majority of organic
phosphor ous conpounds becone avail abl e through the
decay of fresh vegetation (Al exander 1977), the
hi gher values at the |low elevation can be
associated with the incorporation of grasses into
t he nounds. At the high elevation the | ow soil pH
val ues may also be liniting the rel ease of organic
phosphorous into the soil (Al exander 1977).

Greater organic matter |evels at the higher
elevation nay result in nmore phosphorous release,
but it may be imrediately tied up because of a high
car bon/ phosphorous ratio.

Seedling Growth Response

Rooting depth at the end of the growi ng season
was nost affected by physical changes in the soil
(table 5). Douglas-fir and western white pine
appeared to occupy about the sanme anpunt of below
ground volume, indicating there was no species
di fference. However, there were treatnent
di fferences. Seedlings from the mpunded treatnents
had the greatest rooting depth and, except for
western white pine at the high elevation site, the
nound seedlings had significantly deeper roots than
the scal ped treatnent. In general, seedlings from
the scarified treatment had a greater rooting depth
than the seedlings from the scal ped, although not
significantly so. This result nay have been due to
| ess conpaction in the scarified treatment and,
therefore, easier root penetration.

Seedling height growth was unaffected by the site
preparation techniques (table 6) largely due to the
abundance of rainfall and predeterm ned growth from
the bud. However, there were significant
differences in total nitrogen at the end of the
growi ng season in Douglas-fir foliage (table 7).
Differences in total nitrogen can be attributed to

Table 5.--Total rooting depth (cm for each
treament
and species at the end of the first
growi ng season

Table 6.--Total tree height (cm) at the end of the
first grow ng season

M ni mal 'y
Mound Scal p di sturbed
— M~ —mmm e e
Low el evation
White pine 7.7a 7.4a N 7.0a
Dougl as-fir 15.4a 15.9a 15.2a
Hi gh el evation
White pine 7.6a 6.1a 7.6a
Dougl as-fir 15.7a 15.4a 14.6a

better growing conditions in the mounds during
1983. This inproved nutrient status should be
reflected in 1984 growth. Western white pine
showed no response to the treatnments in terms of
first year performance. This result is probably
related to better adaptability of the species to
harsh environments, as conpared to Douglas-fir.
There were no significant differences in the uptake
of total phosphorous, calcium magnesium or

pot assi um There were, however, higher values for
these cations at the low elevation site probably
because of rapid base cycling by the grasses.

CONCLUSI ON

The results of mounding soil organic matter and
mneral soil as a site preparation technique were
varied in this experinent. As expected, organic
nmatter levels were higher in the nounded treatnent
than in the scalped treatnent and would lead to
greater mcroorganism activity and, hence,
increased nutrient availability.

If the weather conditions for the first year of
this study had been nore droughty, differences of
noi sture and tenperature may have been nobre evident
bet ween the scal ped, scarified, and nounded
treat nents. These tenperature and noisture

Table 7.--Percent total nitrogen in the foliage at
the end of the growi ng season

Minimally M ni mal 'y
Mound Scalp disturbed Mound Scal p di sturbed
————————————— CM————=———m— o= === ———s-————-percent-—~-——————ww——
Low el evation Low el evation
Wiite pine 25.1a 21.9%b 20.4b White pine 1.25a 1.22a 1.10a
Dougl as-fir 23.9a 19.7b 21.4ab Dougl as-fir 1.17a .83b 1.12ab
Hi gh elevation Hi gh el evation
Wite pine 23.9a 20.9a 20.8a Wiite pine 1.01a .90a 1.03a
Dougl as-fir 23.9a 18.4b 20.3b Dougl as-fir 1.18a .72b 1.33a

Different letters indicate significant differences
(P<0.05) across treatnments.

Different letters indicate significant differences
(P<0.05) across treatnents.
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changes would then neke the differences in chenical

properties and seedling growmh nore pronounced from

the release of nore nutrients from organic natter.

Based on these first year results some nanagenent
strategies for the Pacific Northwest can be
addr essed. In areas where noisture and nutrients
are not limting, as at the high elevation site,
there is no need to prepare the site intensely.
Leaving the organic matter and decayed wood i ntact
will produce favorable seedling grow h. However ,
on droughty sites with conpetition problens the
benefits of mounding are twofold. First, mounding
creates a soil profile with lower soil density and,
therefore, allows greater root penetration.
Second, noundi ng produces a microsite of increased
moi sture hol di ng capacity and nutrients for
seedling growh.

This study will be continued for two nore years
in order to discern sonme of the long range effects
of nounding on soil properties and tree growth.

Ot her studies with mounding the soil mineral and
organic layers will include fum gating the soil to
test for beneficial organisns in the rooting zone
and soil/seed manipulation to inprove first year
survival .
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The Use of Senescent Cultures of Postia placenta,

d oeophyl l um saepiarium and d oeophyllum trabeum

in the Study of Wod Decay!

J. A Mcales and T. L. Highley?

Abstract.--The brown-rot fungi Postia placenta,
G oeophyl | um saepi arium and G. trabeum are
economi cal ly inportant decayers of wood. These
organi snms netabolize the cellul ose and hemi-
cellulose of woody tissues but do not substan-
tially netabolize lignin. Senescent cultures

of these species lose their ability to degrade
wood and are thin and appressed conpared to the
more robust, floccose nonsenescent isolated. The
physi ol ogy and growth habits of these senescent
cultures were conpared to nonsenescent isolates
in order to study the biochem cal mechanisns of
wood decay. No significant differences were
found in growth rates of senescent and nonsenes-
cent cultures on nalt-extract agar. Senescent
isolates retained the ability to produce
B-D-glucosidase, a- and B-D-galactosidase,

xyl anase, endo-B-1,4~glucanase and ot her

cel lul ose-degrading enzynmes. These data suggest
the hypothesis that additional chenical or bio-
chem cal nmechani sns besides sinple enzymatic
degradation are involved in wod decay by
brown-rot fungi.

Keywords:  Brown rot, carbohydrate-degrading
enzynmes, Basidionycetes, senescence.

Brown-rot decay fungi play a nmajor role in the
deconposition of wood and wood products. Unlike
the white-rotting Basidionmycetes, brown-rot fungi
are able to netabolize the cellul ose and hemi-
cellulose of wood but are unable to substantially
metabolize lignin (Kirk and Cowling 1984). The
nmechani sms by which this is done are largely
unknown.  Brown-rot fungi produce several Kkinds
of extracellular carbohydrate-degrading enzynes
(Highley 1977; Highley and Wlter 1982;

I shihara and Shimzu 1980, 1984; Ishihara and
others 1978); the role of these enzymes in the
process of wood decay has not been fully
explained (Kirk and Cowling 1984). A better
under st andi ng of the biochem stry of brown-rot
fungi could result in the devel opnent of specific
netabolic controls which could prevent or inhibit
decay, thus replacing highly toxic preservatives.

One possible way to study the biochenm stry of
wood decay is to exam ne the physiology of cul-
tures which have lost the ability to degrade
wood. Mbst Basidiomycetes are fairly stable
in culture due to their dikaryotic state.
Cccasionally, isolates change in culture; they
becone | ess vigorous and are unable to decay
wood.  Such senescence in fungi is poorly under-
stood and has been associated with fungal

1706 be presented at the synposium "Current
Topics in Forest Research: Enphasis on
Contributions by Wnmen Scientists.”

Nov. 4-6, 1986, Gainesville, FL.

ZResearch Pl ant Pathol ogi st and Proj ect
Leader, respectively. U 'S. Department of
Agriculture, Forest Service, Forest Products
Laboratory, One Gfford Pinchot Drive,

Madi son, W 53705-2398.

viruses (Day and Dodds 1979, Lenke 1977, Hammer
and others 1986, Castanho and ot hers 1978),
bacteria- or nycoplasna-1ike organisms (WIson
and Hanton 1979), and specific chronosones
working in conjunction with plasmids (Esser and
others 1984; Esser and Tudzynski 1979). A
conparison of the physiology of senescent and
nonsenescent cul tures of brown-rot fungi shoul d
further our understanding of the decay process.
The objective of this study was to deternine
whet her certain cultural characteristics and the
production of extracellular carbohydrate-
degrading enzynes are related to senescence, and
thus required for wood decay.

MATERI ALS AND METHODS

Mai nt enance of Fungal Cul tures

Al cultures were maintained on 2.0 percent
mal t-extract agar (MEA) slants stored at 4 °C.
Sources and dates of collection of all cultures
are presented in table 1.

Identification of Senescent Cultures

Representative isolates of Postia placenta (Fr.)
M J. Larsen and Lonbard [syn: Poria placenta
(Fr.) Cke.], doeophyllum saepiarium (Walf.:

Fr.) Karst. and G trabeum (Pers.: Fr.) Mirr.
were eval uated for their abilities to cause wood
decay by the standard ASTM soil bl ock method

(ASTM 1971) using southern pine blocks (25.4 by
25.4 by 3.2 mm the long axis parallel to the
grain). Soil block bottles were maintained at

27 °C and 70 percent relative humdity; the percent
wei ght | oss of each bl ock was determ ned after

12 weeks. Isolates which caused weight |osses of
less than 35 percent were considered "senescent."
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This was an arbitrary value and represents a
reduction in decay capacity of about 50 percent.

Det erm nation of Col ony Morphol ogy and Gowh
Rat e

Senescent and nonsenescent cultures of each of
the three species were grown on 2 percent MEA;
gross colony norphology and |ight mcroscopy

of individual hyphae were observed after 3 weeks.

Gowh rates were determned by inoculating
2 percent MEA with 5-nm plugs taken fromthe
margins of |-day-old cultures also grown on
2 percent MEA. Radial growth of each col ony
was measured after 2, 6, 11, and 13 days.

Gowh and Enzyme Activity in Liquid
Cul tures

Senescent and nonsenescent isol ates of each
of the three species were grown in 25-n
stationary liquid cultures in 250-m Erlennmeyer
flasks with 0.5 percent cellobiose in a basal
salts solution (H ghley 1973) as the growh
medium In a second experiment, the fungi were
grown in the same basal salts solution amended
with 1 percent sweetgum sawdust with or without
0.5 percent cellobiose as a suppl enental carbon
source.  Control flasks contained the basal
salts solution alone. The liquid nedia were
inoculated with 5-mm nycelial plugs taken from

the margins of 7-day-old colonies grown on 2 per-

cent MEA. Culture filtrates were collected by
vacuum filtration and dial yzed overni ght agai nst
distilled water in 12,000 to 14,000 Dal ton
Spectra/por dialysis tubing. Culture filtrates
were then assayed for general extracellular
proteins (Lowy and others 1951) using dilutions
of bovine serum albumin for the standard curve.

The activities of a-D-galactosidase (E.C.
3.2.1.22), B-D-galactosidase (E.C. 3.2.1.23) and
B-D-glucosidase (E.C. 3.2.1.21) were determ ned
by the liberation of p-nitrophenol fromthe

respective p-nitrophenol substrate (Nelson 1944).

One unit of enzyme activity was defined as the
amount of enzyme needed to rel ease 1 pM of
p- ni trophenol per hour at 40 °C.

The activities of endo-p-1,4-glucanase (car-
boxynet hyl cel l ul ase) (E.C. 3.2.1.4) and endo-
B-1,4-xylanase (E.C. 3.2.1.37) were assayed by
nmeasuring the increase in reducing groups using
Nel son' s nodification of the Sonmogyi nethod
(Nel son 1944). (One unit of enzyne activity was
defined as the anount of enzyne needed to
|'i berate reduci ng power equivalent to 1 pM of
gl ucose per 24 hours at 40 °C.

Cellulolytic enzyne activity was also neasured
by the degradation cellul ose-azure as described
by H ghley (1983). Senescent and nonsenescent
isolates of each of the three species were
grown in vertical tubes of a basal salts medium
(H ghl ey 1973) on which sterilized cellulose-
azure had been aseptically layered. Enzyne
activity was estimated by the amount of dyed
cellul ose degradation products released into the
agar medium  The intensity of color was esti-
mated on a 0 to 4 scale, with O representing no

coloration (i.e. no cellulase activity) and 4
representing an intense blue color (i.e. high
levels of cellulase activity).
Chenical s

Car boxynet hyl cel  ul ose was obtai ned
from Hercules (Wlmington, DE); all other cheni-
cals were purchased from Sigma (St. Louis,--M).
RESULTS

Identification of Senescent Cultures

The 15, 16, and 16 isolates of P. placenta
G saepiarium and G trabeum respectively,
were screened for their abilities to decay wood;
percent wei ght | osses of southern pine test
blocks are presented in table 1. Some isolates
showed decreased decay capacity. These were:
P. placenta--ME20, ME387; G. saepiarium--ME517,
MD483, MAD536, TAL3; G. trabeum--MAD5096-15,
MAD539s, TP356b. These cultures were terned
"senescent" and were used in all subsequent
tests with representative nonsenescent strains.

Det ermi nation of Col ony Mbrphol ogy
and Gowh Rate

The col ony norphol ogi es of senescent cul tures
differed from those of the nonsenescent iso-
lates. Colonies produced by senescent cultures
were thin and appressed conpared to the nore
robust, floccose wild strains. Senescent
i sol ates of G.trabeumand G saepiarium al so
failed to produce the characteristic pigments
found in nonsenescent cultures. Hyphae of
senescent isolates were swollen and distorted.

A large degree of growth rate variation
occurred anong isolates of each of the three
species. Gowh rate was not related to
senescence (figs. 1-3); certain senescent iso-
| ates (ME387, MD483) actually grew nore rapidly
than nonsenescent cultures of the same species.

Gowh and Enzyne Production in Liquid Qulture

Senescent and nonsenescent isolates of
P. placenta, G. saepiarium and G trabeum
were grown in a basal salt solution with
0.5 percent cellobiose as the carbon source.
Culture filtrates were assayed for the presence
of a- and B-D-galactosidase, B~D-glucosidase,
endo-B-1,4-xylanase, and endo~f-1,4-glucanase
(carboxynet hyl cel lul ase); dry weights of the
mycelia and pH's of the culture filtrates were
al so determned (table 2). Al cultures drama-
tically lowered the pH of the culture filtrates
froman initial reading of 4.5. In nost cases,
the extent of this decrease was related to the
dry weight of the fungus; isolates which forned
the greatest anmount of nycelium produced the
| owest pH readi ngs (MAD537s, MAD539s, ME20).

Total extracellular protein production
appeared to be independent of dry weight and
was characteristic of each species. Isolates
of G saepiarium formed |ow |evels of



Table 1.--Collection data on isolates of Postia placenta, G
ranked by their ability to degrade southern pine as estimted by the ASTM soil-wood bl ock assay

G oeophyl | um saepi ari um and G. trabeum

Speci es Isolate nunber Date of Source and |ocation Wi ght
collection of collection | oss
Mo/yr Pect
Postia placenta (Fr.) M. J. Larsen
and Lonbard TRL2556 3/50 M neshaft support, Transvaal, 68. 2
Africa
RLG3760R 7/63 Betula alleghaniensis Britton, 65.9
Newcomb, NY
L9138sp 8/58 Pinus ponderosa Laws., Coronado 65.4
National Forest, AZ
VD484 -- -- 62.0
MAD575 = ATCC9891 10/20 Pseudot suga menziesii (Mrb.) 60.8
Franco, Oregon
MAD698 = ATCC11538 12/41 Pseudot suga menzi esii, yacht 60. 4
"Anerica"
ME4S8 11/63 Pseudot suga menziesii, 60. 3
G ark County, WA
ME146 2/62 Tel ephone pole, Cdark County, 60.0
FP100086sp 3/49 Conifer sills and piles, 59.5
Fairfield, OH
MD281 11/57 Pseudot suga menzi esii, Oregon 59.4
BTL- V-10 2/52 Phi | adel phia, PA 58.3
MD506 4/62 Pinus sp., Madison, W 57.2
MAD4874 2/50 Tsuga heterophyl | a (Raf.) 52.5
Sarg., Mdison, W
ME387 9/64 Pole, Wllanette Valley, OR 6.5
ME20 -- Fl oor planking, Pleasant 5.1
HIlI, CA
d oeophyl | um saepiarium (Wilf.:
Fr.) Karst FD18 1961 Pseudot suga nmenziesii, 61.1
Elma, WA
MAD537s 1920 Railway ties, Arkansas 59.4
FP100242sp 9/52 Pi cea engel mannii Parry, 57.8
Wite River National Forest,
co
ME79 10/62 Tsuga heterophylla, Corvallis, 57.2
R
ME102 7/63 Tsuga sp., Corvallis, OR 48. 3
OPSAL8691 6/63 Tel ephone pole, South Dakota 48.2
OKM1592-5 6/62 Picea engel manni or Abies 45,8
concolor (Cord. & Gend.)
Lindl., MCall, ID
ME432 -- Chamaecyparis | awsoni ana 45.6
(A Mirr.) Parl.
ME393 9/64 Pseudot suga nmenziesii, 45.3
Al bany, OR
FP104089sp 4/53 Pinus sp., Qulfport, M 39.6
LO013812 12/31 Fsupa . , Hunt County, PA 37.9
ME637 7/78 Pinus contorta Dougl ., 35.0
Qul fyort. M
ME517 6/74 Pi cea glauca var. albertiana 32.9
(S. Brown) Sarg.
MD483 - —~ 31.3
MAD536 3/22 Picea sp., Mdison, W 28.7
TA13 7/63 Pinus sSp., Syracuse, NY 14. 6
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Table |.--Collection data on isolates of Postia placenta, G oeophyllum saepiarium and G. trabeum
ranked by their ability to degrade southern pine as estimated by the ASTM soil-wood block assay--con.

Speci es | sol ate nunber Dat e of Source and | ocation Wi ght
col I ection of collection | oss
Mo/yr Pct
d oeophyl l um trabeum (Pers.:
Fr.) Mirr. ME39 7/61 Sequoi a senpervirens (D. Don) 66. 3
Endl., Akron, OH
MAD SAVO | S 11/51 Pseudot suga nenxiesii, "Savo 63.2
Island" aircraft carrier
DAOM F3823 4L/65 Uni dentified hardwood, 63.0
Gtawa, Ont.
MD76 - - 62.1
FP125076sp 5/62 Acer sp., West Alton, NH 62.1
MAD617 6/26 Thuja plicata Dow 60. 8
Madi son, W
ME76 2/63 Plywood flooring, Madison, W 59. 2
MD505 4/62 Pinus sp., Madison, W 51.3
1320 8/64 Uni dentified hardwood, 48.1
Routt County, UT
TA-1A 6/63 Syracuse, NY 48.1
MD256 - - 43.9
MB509 10/72 Pseudot suga nmenziesii, 37.1
Racine. W
OPSAL8601 6/63 Tel ephone pol e, South Dakota 35.8
MAD5096-15 — Pinus sp., Bogalusa, LA 25.0
MAD539s 3/24 Pinus sp., Madison, W 3.6
TP356b 1938 Pinus sp., Spartanburg, SC 1.2
A NE38T A MD483
B MA0698 B FD18
b : i z
801~ € rLcaz6om / 8 L b A
F L9138sp ; ¢ F MADS37s y
3 G MADS536 / C
€ 60 _ 60
E E
« £ - B
=40 = 10 -t
= F
20 20 -8
] | 1 | | | |
2 4 § 8 10 1 " 2 4 6 6 10 1 14
TI ME (d) TI ME 1d)
Figure 1. --Radial growh (mmda) of senescent Figure 2. --Radial growh (nmmda) of senescent
and nonsenescent isolates of Postia placenta and nonsenescent isolates of d oeophyl|um
on 2 percent malt extract agar. Solid line = saepiarium on 2 percent nalt extract agar.
nonsenescent cultures; broken |line = senescent Solid Iine = nonsenescent cul tures; broken
cultures.  (MB86 5330) line = senescent cultures. (ML86 5331)
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A NE3S
B MAD538s
C MAD5096- 15 A
g0 |0 MAD SAVO1S

E MADS17 B
F TP356b yas

COLONY RADIUS Imm)

TIME (d}

Figure 3.--Radial growth (mmda) of senescent
and nonsenescent isolates of G oeophyllum
trabeum on 2 percent malt extract agar.
Solid Iine = nonsenescent cultures; broken
line = senescent cultures. (ML86 5332)

extracel lular proteins; enzyne production by
G. trabeumisol ates was much higher, and
cultures of P. placenta exhibited an inter-
medi ate response. A few exceptions to this
pattern were noted. Certain senescent isolates
of G. trabeum (MAD539s and TP356b) and

P. placenta (ME387) produced |ower |evels of
extracellular proteins than the nonsenescent
strains of each species. Another senescent
isolate of P. placenta, ME20, produced
extremely high | evel s of extracellular pro-
teins.

There was no apparent relationship between
senescence and levels of glycosidase produc-
tion. Enzyme levels were extremely variable
anmong the different isolates of each species;
senescent cultures typically produced equi-
val ent or higher levels of B-D-glucosidase,
a-D-gal actosi dase, and B-D-galactosidase than
their nonsenescent counterparts. |solate ME20,
a senescent culture of P. placenta, produced
extrenely high levels of these enzymes. There
di d appear to be sone correlation between
xylanase production and senescence of P. placenta
and G trabeunm senescent isolates of these
speci es produced aberrant levels of this enzyne.
| sol ates ME387, MAD5096-15, MAD539s, and TP356b
produced decreased quantities of xylanase com
pared to the nonsenescent strains; isolate ME20
produced nuch higher levels of xylanase than the
remaining isolates of P, placenta. No correla-
tion was found between senescence and the
presence of endo-B-1,4-glucanase, al t hough
senescent isol ates MAD539s and TP356b (G. trabeum

produced slightly lower quantities of this
enzyne than the nonsenescent strains.

Senescent and nonsenescent isolates of the
three species were also able to grow in a basal
salt medi um suppl enented with 1 percent sweetgum
sawdust (table 3). Fungal hyphae were observed
to grow on and around the sawdust particles and
gathered the sawdust into a loosely connected
mt. Mecelial growth was greatly stinulated by
the addition of 0.5 percent cellobiose. This
increase in growth is reflected in the | ower pH
val ues and increased |evels of extracellular
proteins produced by nost isolates in the
presence of cell obiose.

As in the previous experinent, there was no
correlation between |evels of B-D-glucosidase,
a- and B-D-galactosidase and senescence. The
addi tion of cellobiose to the medium generally
increased glycosidase production, but it is
unknown whether this was due to increased
amounts of nycelial growh or whether additional
quantities of enzyme were induced. Al isolates
of G saepiarium produced extrenely low |evels
of a-D-galactosidase with or without the addi-
tion of cellobiose; this trait appears to be
characteristic of the species. Certain isolates
of G trabeum (MAD617, MAD539s, TP356b) produced
much |ower |evels of B-D-galactosidase in the
presence of cellobiose; this phenomenon was not
confined to senescent cultures.

Production of xylanase and endo-f-1,4-
glucanase also appeared to be largely independ-
ent of senescence. Xyl anase production by
isolates of P. placenta generally increased
with the addition of cellobiose with the ex-
ception of isolate ME387, a senescent cul ture.
Level s of xylanase declined upon the addition
of cellobiose for isolates of G saepiarium
and were generally unaffected for isolates of
G trabeum The senescent isolates of G.
trabeum expressed decreased |evels of xylanase
production wth and w thout the addition of
cellobiose. This is consistent with the results
obtained in the previous experinent. Levels of
endo-B-1,4-glucanase production generally
increased with the addition of cellobiose for
isolates of P. placenta and were unchanged for
most isolates of G saepiarium and G trabeum
Certain senescent-isolates of G_ saepiarium
(MAD536, TA13) and G._trabeum (MAD539s, TP356b)
showed a decline in endo-B-1,4-glucanase produc-
tion upon the addition of cellobiose.

There was no relationship between senescence
and the production of cellulase as measured
by the degradation of cellulose azure (table 4).
The senescent isolates of P. placenta, ME20 and
MF. 387, produced extrenely |ow quantities or no
detectable levels of this enzyne, but several
nonsenescent isolates with good decay capacity
(MAD4874, MD506, TRL2556) were al so poor enzyne
producers.  Senescent isolates of G. saepiarium
(TA13, MM483, ME517) and G._trabeum (MAD539s,
TP356b) produced high levels of cellulolytic
enzynes; isolates of these species which were
poor cellul ase producers (ME102, MAD536, 1320)
exhibited little if any decreased ability to
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Tabl e 2.--Fungal mass, pH of culture filtrate,
enzynme production of senescent

and nonsenescent

and extracel |l ul ar
i solates of

Postia placenta, d oeophyllum saepiarium and G. trabeum after

4 weeks in 0.5 percent

cel | obi ose + basal

salts solution'

Isolate Dry weight pH Protein B-GLU? o-GAL® B-GAL* XYLS cMCS
Mg pg/ml - - - - - - - Units ~ - - - - - -
POSTI A PLACENTA
TRL2556 22 3.37 35 0.078 0.163 0.012 241 72
RLG3760R 27 3.02 34 0.018 0.040 0.000 241 56
19138sp 48 2.98 42 0.014 0.140 0.030 195 53
MAD698 26 3.27 47 0.032 0.048 0.046 231 59
ME387 28 2.29 22 0.051 0.012 0.114 48 46
ME20 30 2.55 100 0.534 0.375 0.595 341 63
GLOEOPHYLLUM SAEPIARIUM
FD18 27 2.75 24 0.041 <0.010 0.038 331 98
MAD537s 39 2.65 <20 <0.010 <0.010 <0.010 55 37
FP100242sp 7 3. 46 <20 <0.010 <0.010 <0.010 239 67
ME517 22 2.84 25 0.034 <0.010 <0.010 212 66
M483 18 2.89 35 0.131 <0.010 0.016 325 60
MAD536 7 4,17 <20 0.055 <0.010 <0.010 122 36
TA13 8 3.35 <20 0.008 <0.010 <0.010 163 52
GLOECPHYLLUM TRABEUM
ME39 29 2.78 114 0.042 0.030 0.028 556 112
MAD Savo |s 27 2.98 73 0.030 0.028 0.009 516 80
MAD617 14, 3.11 149 0.592 0.468 0.362 557 104
MAD5096-15 12 2.97 138 0.680 0.101 0.111 291 100
MAD539s 29 2.62 25 0.174 0.100 <0.010 134 62
TP356b 17 2. 86 28 0. 360 0.134 <0.010 257 61
"All readings represent an average of 5 replications.
2B-GLU = activity of B-D-glucosidase.
30-GAL = activity of a-D-galactosidase.
48-GAL = activity of B-D-galactosidase.
5XYL = activity of endo-1,4-B-D-xylanase.
8cMC = activity of endo-1,4-B-D-glucanase (carboxynethyl cellul ase).

decay wood, with the exception of isolate

MAD536.  Cel lulase production generally increased
with time in all isolates and was not dependent
on the presence of cellobiose in the nmedium

DI SCUSSI ON

A series of isolates of the brown-rot fungi
P. placenta, G. saepiarium and G. trabeum were
evaluated for their ability to decay wood.
There was a large variation in decay capacity;
i sol ates which produced weight |osses of |ess
than 35 percent were considered senescent.
Senescent cultures produced flattened, appressed
col ony norphol ogi es; individual hyphae were
often swollen and distorted. Senescence was
not related to growh rate, length of tinme in

culture, the ability of the fungus to |ower the
pH of liquid nedia, or the total production of
extracel lular proteins. Senescent cultures

retained the ability to produce the carbohydrate-
degradi ng enzynes f-D-glucosidase, a- and p-D-
gal act osi dase, xyl anase, endo B-1,4-glucanase,
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and other cellulolytic enzynes. Xylanase pro-
duction seened to be aberrant (i.e., higher or
| ower than nonsenescent isolates) in senescent

cultures of P. placenta and G _trabeum Such
aberrant levels of xylanase production suggests
that the regul ation or secretory mechani sms of
these cultures may be inpaired. The renoval
of hemicellulose occurs early in the process
of wood decay (Kirk and Hi ghley 1973, H ghley
and Kirk 1979); the production of xylanase is
essential to this process. Further studies
are needed to deternine whether senescence in
these species is dependent on altered xylan
met abol i sm

If altered xylanase levels are not the najor
expression of senescence, the ability to decay
wood nust be dependent on nore than the pro-
duction of extracellular carbohydrate-degrading
enzymes.  Senescent cultures retained the ability
to produce these enzynmes in response to saw
dust and cellobiose; it is unknown whether
the enzynes are formed in response to solid
wood. A nonenzymatic nechanism involving



Table 3.--Extracellular enzyme production and pH of culture
filtrate of senescent and nonsenescent isolates of Postia placenta
G oeophyl lum saepiarium and G trabeum after 4 weeks on sweetgum
sawdust (1 pct) in a basal salts solution = 0.5 percent cellobiose!

Isolate Treatment?’pH Protein B-GLU® a-GAL* B-GALS XYL® cMC7?

POSTI A PLACENTA

TRL2556 A 4,30 <20 <0.010 0.032 <o0.010 25 10
B 4,41 <20 0.026 0.245 0.306 416 37
C 2.86 80 0.196 1.940 1.580 450 122
RLG3760R A 4,44 <20 <0.010 0.060 <o0.010 25 4
B 4,27 21 0.023 0.625 0.114 204 72
C 2.93 79 <0.010 0.190 0.010 342 107
MAD698 A 4,45 <20 <0.010 0.018 <o0.010 18 0
B 4,83 <20 0.052 0.245 0.306 285 8
C 3.30 80 0.196 1.940 1.580 460 78
MVE387 A 3.94 <20 <0.010 <0.010 <0.010 5 1
B 4,02 20 0.026 0.216 0.274 170 40
C 3.26 86 0. 458 1.140 2.044 242 65
MVE20 A 4,50 <20 <0.010 <0.010 <0.010 5 0
B 4,94 <20 0.052 0.195 0.134 203 15
C 3.54 100 0.087 1.260 0.194 435 25
GLOEOPHYLLUM SAEPI ARl UM
FD18 A 4.74 <20 <0.010 <0.010 <0.010 50 48
B 4,60 24 0.051 0.020 0.480 473 92
C 4,12 88 0.560 0.026 1.095 442 93
MAD537s A 4. 40 <20 <0.010 <0.010 0.021 168 0
B 4,90 <20 0.084 0.012. 0.415 372 38
C 3.16 21 0.038 0.006 0.815 250 37
FP100242sp A 4,51 <20 0.016 <o0.010 0.015 222 8
B 4,57 <20 0.040 0.006 0.750 473 48
C 4,60 53 0.088 0.020 1.000 355 43
MES17 A 4.50 <20 <0.010 <0.010 <0.010 75 5
B 4,40 21 0.030 <o0.010 0.300 418 132
C 5.04 65 0.749 0.034 0.770 412 113
VB483 A 4.61 <20 <0.010 <0.010 <0.010 10 2
B 4,84 <20 0.041 <o0.010 0.525 443 68
C 3.27 51 0.084 <0.010 0.755 353 73
HAD536 A 4,01 <20 <0.010 <0.010 0.030 48 0
B 4,73 <20 0.128 0.013 0.315 392 62
C 3.07 35 0.168 <0.010 0.965 208 22
TA13 A 4,53 <20 0.010 <o0.010 <0.010 90 2
B 4,68 <20 0.080 <o0.010 0.390 438 108
C 3.36 63 0.410 0.014 0.190 253 72
GLOEOPHYLLUM TRABEUM
ME39 A 4.42 <20 <0.010 <0.010 <0.010 28 0
B 3.96 <20 <0.010 0.030 0.200 557 113
C 4., 45 68 0.936  0.400 0.635 592 130
MAD Savo Is A 4,28 <20 <0.010 <0.010 <0.010 12 0
B 4,57 21 0.034 0.215 0.215 553 85
C 3.84 65 1.455 0.425 0.585 508 70
MAD617 A 4,37 <20 0.019 <o0.010 <0.010 75 15
B 4,32 27 0.079 0.305 0.635 568 132
C 4,25 114 1.765 0.615 0.208 583 128
MAD5096-15 A 4.50 <20 0.026 <0.010 <0.010 18 0
B 4,45 24 0.072 0.105 0.800 442 73
C 4,75 130 1.985 0.720 1.445 498 78
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Table 3. --Extracel lular enzyme production and pH of culture

filtrate of senescent

and nonsenescent

isolates of Postia placenta,

G oeophyl lum saepiarium and 6. trabeum after 4 weeks on sweetgum

sawdust (1 pct) in a basal

salts solution t 0.5 percent cellobiosel--

con.
Isol ate Treatment' pH Protein PB-GLU® o-GAL* B-GALS XYL® cMC7
ug/ml- - - - - Units - o - - - - -
GLOEOPHYLLUM TRABEUM - con.

MAD539s A 4.52 <20 0.154 <0.010 0.117 35 5
B 5.04 <20 0.226 0.192 0.870 447 145

C 3.51 42 0.920 0.388 0.185 143 70

TP356b A 4.63 <20 0.039 <0.010 <0.010 18 0
B 4.79 <20 0.395 0.770 0.515 442 75

C 3.42 58 1.895 0.640 0.140 285 58

1Each readi ng represents an average of 3 replications.

2Treatment A = Basal
1 percent sweetgum sawdust,
sawdust + 0.5 percent
3-GLU =

>
5
E
o

hydr ogen peroxi de and ferrous ions, has been
proposed to explain the rapid depol ynerization

of cellulose which occurs during brown rot
(Koenigs 1972, Koenigs 1974a and b, Kirk and

Cowl i ng 1984); this proposal has not been

proven (Hghley 1982, Hghley and Mirnanis

1985). The loss of such a nonenzymatic nechani sm
woul d expl ai n why senescent cultures are unable
to decay wood despite the production of

car bohydr at e-degradi ng enzynes.

The debilitating agent associated with the
senescence of these cultures has not been
identified but appears to be transnissible
(Hi ghl ey, unpublished data). The distorted
hyphae of these senescent cultures resenble
those of strains of Leucostoma cincta

salts solution, B =
C = Basal
cel | obi ose.
activity of p-D-glucosidase.
activity of o-D-galactosidase.
activity of B-D-galactosidase.
activity of endo-1,4~B-D-xylanase.
CMC = act|V| ty of endo-1, i- -B-D-glucanase

Basal salts solution +

salts solution + 1 percent sweetgum

(carboxyret hyl cel | ul ase).

(Hammar and others 1986) and Rhi zoctonia sol ani

(Castanho and Butler 1978) which contain dsRNA,
the genetic naterial of fungal viruses. Experi-
nments are currently underway to screen the

isolates used in this study for dsRNA. The
potential use of senescent cultures for the

bi ol ogi cal control of wood decay, as hypoviru-
lent strains of Cryphonectria parasitica (Mirr.)
Barr are used in the control of the chestnut
blight fungus (Anagnostakis 1982), needs to be
expl or ed.
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Table 4.--Breakdown of cellulose-azurel’?2 by brown-rot fungi having different

capacities to decay wood

Cellulase activity

Isolate Time (days)
14 21 28 42
-C +c -C +c -C +c -c +c -C +c
POSTIA. PLACENTA
TRL2556 1.0 1.0 15 15 2.0 15 2.0 1.5 2.0 2.0
RLG3760R 2.0 2.5 25 25 3.0 3.0 3.0 3.0 4.0 4.0
L9138sp 1.0 1.0 15 2.0 2.0 25 2.5 3.0 2.5 4.0
MD484 2.0 1.0 2.0 1.0 3.0 1.0 3.0 1.5 4.0 2.5
MAD575 1.0 1.0 15 15 2.0 15 2.0 2.0 2.5 3.0
MAD698 1.0 1.0 15 15 2.0 2.0 3.0 3.0 3.0 3.5
ME48 2.0 2.0 3.0 25 35 25 3.5 3.5 4.0 3.5
ME146 2.0 2.0 3.0 3.0 35 35 4.0 4.0 4.0 4.0
FP100086sp 1.0 1.0 15 15 2.0 2.0 3.0 3.0 3.5 3.5
MD281 2.0 2.0 3.0 3.0 35 3.0 4.0 4.0 4.0 4.0
BTL-V- 10 2.0 2.0 3.0 25 3.0 25 3.0 3.0 3.0 3.5
MD506 1.0 1.0 15 1.0 2.0 1.0 2.5 1.5 2.5 2.5
MADA4874 1.0 1.0 1.0 1.0 15 1.0 1.5 1.5 1.5 1.5
ME387 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ME20 0.0 1.0 0.0 1.0 0.0 1.0 0.0 2.0 0.0 1.5
GLOEOPWLLUM SAEPIARTUM
FD18 2.0 3.0 3.0 35 35 35 4.0 4.0 4.0 4.0
MAD537s 2.0 0.0 25 1.0 3.0 1.0 2.5 1.5 3.0 1.5
FP100242sp 2.0 0.0 4.0 15 35 3.0 4.0 3.5 4.0 4.0
ME79 3.0 3.0 35 35 4.0 4.0 4.0 4.0 4.0 4.0
ME102 1.0 1.0 15 15 15 15 1.5 1.5 2.0 2.0
OPSALS69 1 2.5 2.0 4.0 3.0 4.0 3.0 4.0 3.5 4.0 3.5
0KM1592-5 2.5 2.5 3.0 3.0 35 3.0 4.0 3.5 4.0 3.5
ME432 2.0 2.0 2.0 2.0 2.0 2.0 2.0 3.0 2.5 3.0
MB393 2.0 2.0 2.0 2.0 2.0 2.0 3.0 3.0 3.0 3.0
FP104089sp 2.0 3.0 4.0 0.5 35 2.0 4.0 3.5 4.0 4.0
LOO13812 2.0 2.0 35 3.0 3.0 3.0 3.5 3.5 3.5 3.5
ME637 2.0 2.0 25 25 25 3.0 3.0 3.5 3.0 3.5
ME517 2.0 2.5 3.0 35 3.0 4.0 4.0 4.0 4.0 4.0
MD483 1.0 2.0 2.0 25 2.0 25 2.0 3.0 2.0 3.0
MAD536 1.0 1.0 1.0 15 1.0 1.0 1.5 1.0 2.0 2.0
TA13 2.0 0.5 3.0 15 4.0 2.0 4.0 3.0 4.0 4.0
GLOEOPHYLLUM TRABEUM

ME39 3.0 3.0 3.0 4.0 3.0 4.0 3.0 4.0 3.0 3.0
MAD Savo Is 3.0 2.5 4.0 3.0 4.0 35 4.0 3.5 4.0 4.0
DAOM-F3823 3.0 2.0 4.0 3.0 4.0 3.0 4.0 4.0 4.0 4.0
MD76 2.0 1.0 25 15 3.0 2.5 3.5 2.0 4.0 3.5
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Tabl e 4. --Breakdown of

capacities to decay wood--con.

cel lul ose-azure®’2 by brown-rot fungi having different

Cellulase activity

Isolate Time (days)
7 14 21 28 42
-C +C -C +C -C +C -C +C -C +C
GLOECPHYLLDM TRABEDM - con.
FP125076sp 2.5 2.0 4.0 2.5 4.0 3.0 4.0 3.0 4.0 3.5
MAD617 3.0 2.5 4.0 3.0 4.0 3.5 4.0 3.5 4.0 4.0
ME76 2.5 3.0 3.0 3.0 3.0 3.0 2.5 3.0 3.0 2.5
MD505 2.5 3.0 3.0 3.5 3.0 3.5 3.0 4.0 3.0 3.0
1320 1.0 2.0 1.0 2.0 1.0 2.0 1.0 1.5 1.0 1.0
TAlA 3.0 3.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
MD256 3.0 3.5 3.5 4.0 3.5 4.0 3.5 4.0 4.0 3.5
MES09 2.5 2.0 3.0 2.5 3.0 3.0 3.0 3.0 3.0 3.0
OPSAL8601 2.0 2.0 2.5 3.5 3.0 4.0 3.0 4.0 3.0 4.0
MAD5096-15 3.0 2.0 4.0 3.0 4.0 3.0 4.0 3.0 4.0 3.0
MAD539s 2.0 1.0 3.5 2.5 4.0 3.0 4.0 3.5 4.0 4.0
TP356b 2.0 1.0 3.5 2.0 4.0 3.0 4.0 3.5 4.0 4.0
1o = no dye rel eased.

1 = very slight color visible

2 = slight color visible.

3 = noderate color visible.

4 = deep color visible.

Z-¢ = no cel |l obiose in medi um
+C = 0.1 pct cel | obiose in nedi um.
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A Consi deration of Factors Affecting the
Devel opment and Physi ol ogy of Tissue-
Cul tured

Plantsl

Hazel Y. Wetzstein?

The applications of tissue culture are
nunerous and include rapid clonal propaga-
tion, the production of disease free plants,
isolation of genetically unique lines,
gernpl asm storage, chemical screening, and
plant breeding applications. The nunber of
invitro culture protocols for tree species
is increasing. Yet, protocols with effi-
ciencies suitable for comercial production
are much | ess frequent, and are conmonly
restricted to horticulturally oriented
ornamental and fruit tree species. The
advent of biotechnol ogi cal procedures has
the potential of accelerating tree improve-
ment through methods such as genetic
engi neering, somatic hybridization and
somacl onal  screening. However, the future
prospects for the clonal production of man
har dwood species, except as a research tool
are limted by econonics (Somer and
Wetzstein 1984). Particularly for forest
tree species, the current high costs
associated with tissue culture production
greatly linit its application for nass
propagati on.

Attenpts at increasing the efficiency of
tissue culture systems are nost often ap-
proached through the optimzation of media
conponents.  Protocol devel opnent is often
centered around regeneration or nultiplica-
tion rates, with little consideration given
towards eval uating plantlet form and
structure.

"Presented as an invited paper at the
Synposi um on Current Topics in Forest
Resear ch.

*Assistant Professor, Department of Horti-
culture and Adjunct Assistant Professor,
School of Forest Resources, University of
Ceorgia, Athens, GA 30602.

Abstract.--1n the devel opnent of tissue
culture protocols, it is suggested that in
addition to regeneration rates, considera-
tion be given to plantlet Structure and
form  Tissue-cultured plants have been
described to have an atypical anatony and
physi ol ogy. The nodification of the culture
environnent (e.g., light, mediummtrix, gas
environnent) may be a neans of increasing
the efficiency of culture systems and of
producing nore conpetent plants.  Sone
results of studies using Liaui dambar
stvraciflua are described.

Pl ants devel oped in culture often exhibit
unusual anatoni cal and physi ol ogi cal
features which may contribute to survival
difficulty after transfer to greenhouse or
field conditions (Wetzstein and Sommver 1982;
1983) and to early depressed field perfor-
mance (Frampton and Isik 1986). These
characteristics include altered |eaf
anat ony, poor vascul ar devel oprment, root
system abnormalities and depressed photo-
synt hesi s.

Many of these tendencies are a result of
the peculiar conditions associated with
culture systems, sonme of which may poten-
tially be modified to elicit more "normal”
pl ant devel opnent. Devel opnental aspects
shoul d be an inportant consideration in
tissue culture nethods. For this reason, we
have been studying environnental and nedia
factors and their role on plantlet devel op-
ment at the University of Georgia. The
rational e has been to understand how
specific factors affect plantlet devel op-
ment, toward the nodification of these
factors to produce nore conpetent plantlets
with greater efficiency.

PLANTS RECGENERATED | N CULTURE

Plant| ets devel oped in culture have been
described to have an atypical form W have
been interested in the tissue culture of
sweet gum Liquidambar stvraciflua L., an
i nportant hardwood species in the Southeas-
tern US. Initial evaluations of regener-
ated plantlets originated in an attenpt to
explain the stress and desiccation exhibited
by cultured plants upon transfer to ex vitro
conditions (Wetzstein and Sonmer 1982;

1983). Stress and nortality of cultured
plantlets appears to be due, in part, to
water deficits as a result of reduced
cuticle and wax devel opment, increased
stomatal densities, nonfunctional stomata,
and extensive intercellular and substonat al




air spaces. Simlar observations have been
described in other plants regenerated in
culture ( e.g., Brainerd et al 1981,
Donnel Iy and Vi daver 1984a; G out and Aston
1978).

Envi ronment has been shown to have a
pronounced effect on plant norphol ogy and
physi ol ogy (Esau 1965; Fitter and Hay 1981).
The evaluation and manipul ation of condi-
tions in vitro hold pronise for inproved
devel opnental patterns.

FACTORS AFFECTI NG DEVELOPMENT

Environmental and substrate effects can
influence growth and devel opnent of plants
inculture. Sonme of these factors can
potentially be manipulated. This
paper will describe conditions which we have
been eval uating using Liquidambar as a
model . These include |ight effects, nedium
matrix, and gas environment factors.

Light Effects

Plants in culture are usually placed under
low light conditions. A carbohydrate source
is present in the medium of nmost culture
systenms, thus high light for extensive
phot osynt hesi s may not be necessary in a
heterotrophic situation. However, the |ack of
a functional autotrophic system may be a ngjor
problem in transplant vulnerability when
plantlets are taken from culture to field.

Low phot osynthetic rates have been neasured
in some culture systens (e.g., Donnelly and
Vi daver 1984b; Smith, Palta and McCown 1986).
However, under our culture conditions for
Li aui dambar, |ack of photosynthetic capacity
is not aliniting characteristic in plantlet
acclimtization and transplant growth (Lee,
Wetzstein and Sommer 1985). Plantlets
exhi bited higher rates of photosynthesis
conpared to noncul tured plants grown under
simlar light conditions (Table 1).

Tabl e |.--Net photosynthesis of sweetgum

of 315 'S}i ngs and plantlets at light intensities

pEs'lm' .of 315 high), 155 (nmedium) and 50 (low)
Phot osynt hesi s (mgCOydm™?h" 1)

Li ght

Intensity Seed! i ngs Plant|ets

Hi gh 6.4 12.1

Medi um 4.7 13.6

Low 2.7 11. 4

As in manipulations for the production of
aut ot rophi ¢ suspension cultures, it appears
that plants in culture can be conditioned to
undergo active photosynthesis. The devel op-
ment of full photosynthetic capacity shoul d
be a consideration.

The effect of |ight on devel opnent is also
an inportant factor. Light intensity
effects on | eaf anatony were evaluated in
sweetgum in an effort to induce a nore
normal |eaf norphology. A conparison was
made of cultured and noncul tured plants at
different light levels. Leaves devel oped
under higher light levels were thicker, had
a nore differentiated palisade, fewer
intercellular spaces, and greater cuticle
devel opnent conpared to low |ight |eaves.
However, when in vitro and ex vitro | eaves
devel oped under simlar light levels were
conpared, cultured | eaves were generally
smaller, thinner and had nore extensive
intercellular spaces.

Stomat al norphol ogy was | ess affected by
light levels, but varied greatly between
cultured versus noncultured plants. Al
| eaves in vitro had |arge, open and raised
stomata (Figure 1). Leaves devel oped ex
vitro had small, sunken stomata with
ellipsoid guard cells (Figure 2).

Sone of the divergent |eaf characteristics
comonly described in tissue culture systens
can be dimnished by the use of higher Iight
intensities. Thicker, nore differentiated
| eaves with nore devel oped cuticles form
under higher light. However, factors other
than low light are responsible for other
characteristics such as raised, nonfunc-
tional stomata with higher densities.

Figure |.--Surface of |eaf devel oped in
culture. Note raised, open stomata. X 750.
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Figure 2. --Surface of noncultured |eaf grown
under the same light conditions as Figure 1.
X 750.

Medi um Mat ri x

Cul ture growth and devel opnent can be
influenced by the physical nature bf the
medium A solidified mediumis frequentl,
used as a support and to obtain orderly,
oriented growh. In contrast, faster growtl
rates have been reported in liquid or low-
agar nmedium but with vitrescence symptons
occurring in some species.

In a study conparing nediummtrix and
culture growth, we found greater shoot
growth, root growth, and rooting percentagcs
in liquid versus agar (0.8% Phytager)
cul tures of Liauidanbar (Lee, Wetzstein and
Somrer 1986) . Shoot-root ratios were
greater for liquid than agar-grown plantlets
(0.75 versus 0.18, respectively). Furt her
studi es are underway to eval uate osnotic and
matrix potential effects, availability and
diffusion of nutrients, and cell differen-
tiation differences as a result of nedium
matri x changes.

In studies with sweetgum trends of I|ess
negative | eaf water potential and nore
negative | eaf osnotic potential are observed
in liquid versus agar nedium cultures over
time. Turgor pressure is greater in liquid
versus agar |eaves. The processes of cell
growth and enlargenent are extremely sensitive
to water deficit conditions. Water potential
and specifically turgor pressure may be
directly affecting cellular expansion and
di vi si on. Di fferences in the degree of

cortical and vascul ar tissue devel opnent

of sweet gum shoots are al so observed in
liquid versus agar cultures. More extensive
cell division is exhibited in Iiquid versus
agar cultures.

Plantlet nutrient uptake appears to be
facilitated in liquid versus agar cultufte
medi um in our sweetgum System Signifi-
cantly higher levels of some nutrients on a
per plantlet basis were observed in plants
on liquid medium Agar has been shown to
have a restrictive effect on the diffusion
of some nol ecules (Patil, Adhyapak and Joshi
1985). Uptake differences nmay also be a
reflection of root developnmental differ-
ences. Roots initiated on liquid medium
were nore nunerous, of larger dianmeter and
with more lateral branching and root hair
devel opnent conpared to agar nmedium cul -
tures.

Gas Environnent

The gas environnent within the culture
vessel can affect plant devel opment in
vitro, yet is given relatively little
consideration in culture protocol devel op-
ment. A variety of vessels and enclosure
types is available with varying permeability
values to water vapor and other gases.

A lack of adequate gas exchange coul d | ead
to variations in C02, 02, ethylene, acetal-
dehyde and ot her conpounds at accunul ati on
or deficit levels. For exanple, ethylene
has been shown to accunulate in culture
systems (e.g. Garinlertvatana et al. 1982;
LaRue and Ganborg 1971). Al so of question,
isif CO2 levels in culture are adequate for
phot osynt hesi s. Cont ai ner size has been
shown to influence growth and norphogenesi s
in culture. This effect nay, in fact, be
due to gaseous environnment nodification.

We found that Liquidanbar cultures are
capabl e of high rates of photosynthesis
(Lee, Wetzstein and Sommer 1985). Yet in
culture, plantlets displayed conparably
| ower growth vigor than noncultured plants.
It is possible that restricted gas exchange
(i.e., ethylene accunulation or limting
02) may be a factor. An area of current
study is the evaluation of different film
encl osures on gas perneability, and plant
growth and norphogenesis. Information such
as this may contribute to the attai nnent of
full photosynthetic potential and nore
rapid, efficient growth in culture.
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An Exceptional Case of Natural Regeneration

of White Spruce in Interior Alaskal

Tricia L. Wirtz and John C. Zasada?

Abstract.--Traditionally, successful natural

regeneration of white spruce (Picea glauca
Mbench Voss) requires a mineral soil seedbed for
germnation and establishnent. Such a seedbed is
usual ly provided in managed systems by scarifica-
tion. This study suggests that if a large seed
crop is immnent, and if the dinensions of the
harvested area are small, scarification my not
be necessary for sufficient stocking. In such a
case, scarification may result in such dense
stands that it is detrinental to seedling growth.

The distribution of the boreal forest is cir-
cunpol ar, ranging between the latitudes of 50
and 68 degrees north. In North America, the
nost econonically inportant boreal species is
white spruce (Picea glauca Mench Voss); it is
the cornerstone of the forest products industry
in western Canada. In Alaska, it is estimted
that there are 12.8 nillion acres (4.8 million
ha) of commercial white spruce forest |and
(Hut chi son 1968). The nost significant exploi-
tation of Alaska's forests occurred during the
gold rush period at the turn of the century,
when | arge quantitiec of white spruce were used
for a variety of purposes. Since then, white
spruce has been harvested in interior Al aska
nostly for local use, with small quantities
exported to Pacific Rim countries.

Based on research and operational experience
in Canada, white spruce is a difficult species
to regenerate (see Zasada and Gregory 1969, and
Dobbs 1972 for reviews). Attenpts at natural
regenerati on have often been particularily un-
successful, in part because good seed crops are
sporadic and as yet, unpredictable. The vast
majority of Canadian studies have found that a
m neral soil seedbed provides the best conditions
for seed germination and early seedling devel op-
ment . Such a seedbed is usually provided by
removing the surface organic layer by nechanical
neans, fire, or a conbination of the two.

Wiile a mineral soil seedbed is ideal for the
establishnent of white spruce, it is also well
suited to the regeneration by seed of spruce's
woody conpetitors (mainly Betula papyrifera
Marsh and Alnus spp. in Al aska). Mor eover,
these hardwood species exhibit a period of
rapid juvenile growh, which allows them a head
start over the slow grow ng spruce.

lPresented at the synposium Current Topics in
Forest Research, Enphasis on Contributions by
Wonen Scientists, Nov. 4 - 6, 1986, Gainesville,
FL

2Gfaduate Teaching Fellow, Departnent of
Bi ol ogy, University of Oregon, Eugene, OR and
Research Silviculturist, US. Departnment of
Agriculture, Forest Service, Pacific Northwest
Research Station, Corvallis, OR
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METHODS

This study was begun in 1971, and was conducted
at Bonanza Creek Experinental Forest, about 25 km
sout hwest of Fairbanks, AK (65°N,148°W). In the
Fai rbanks area, in 1985, there were 107 frost-
free days (May 21 - Septenber 5). The mean annual
tenperature was 28°F (-2.2°C), and the total
annual precipitation was 12.9 inches (33 cm
(NOAA  1985). The site was a 160 to 180 year-old
white spruce stand on a gentle southwest-facing
sl ope. The experinment consisted of three clear-
cut units of 2.5 - 3.8 acres (1.0 - 1.5 ha) each,
and three shelterwood units of 5.7 acres (2.3 ha)
each, each with a residual stand of about 33
trees per acre (80 trees/ha). The residual stand
accounted for 35 - 45 square feet of basal area
per acre, out of the 80 - 120 square feet per acre
of the original stand. The units were roughly
square in shape. The harvesting was done in
August and Septenber of 1972. El even thousand
board feet per acre was renpved fromthe shelter-
woods, and 17,000 board feet per acre was renpved
from the clearcuts.

The site was scarified i mediately follow ng
logging using a tractor and standard straight-
edged bl ade. Scarification was done in 6 foot
(1.8 m) wide strips, paralleling the contour of
the hillside. Wthin the strips, 6-to 10-foot-
long (1.8- to 3-neter-long) scarified patches
alternated with unscarified patches. During the
nonth that scarification was conpleted and in the
following nonths, a large seed crop fell, measured
in an undisturbed stand nearby at 500 filled seeds
per square neter.

The next spring, forty square-nmeter plots were
established in each of the six units, twenty on
scarified surfaces and twenty on unscarified sur-
faces. These plots were surveyed after the first
five growing seasons, and again after the thir-
teenth growi ng season, in 1985. In spring, 1986,
fifteen 1 mlacre (4 square-neter) plots were
established in the dense stands that now occupy
surfaces that were scarified in 1972. Ten donin-
ant spruce seedlings were selected in each plot,
and all other woody vegetation was cut at the
ground and renoved. The basal dianmeters of the
seedlings in the cleaned and thinned plots were
neasured at the beginning and the end of the 1986
growi ng season. Seedlings growing in fifteen
unthinned control plots were also measured.



A two-way analysis of variance was done on the
seedling density data, while the first season
thinning study results were subjected to a one-
way anova (Sokal and Rohlf 1981).

RESULTS

Based on the survey conducted in 1985, thirteen
years after harvesting, no difference was found
bet ween clearcut and shel terwood silvicul tural
systems in the density of spruce stens per square
neter. However, there was a highly significant
difference (p € 0.001) between scarified and un-
scarified surfaces. No interaction between sil-
vicultural treatnent and scarification treatment
was observed. These results were not only true
for spruce densities, but also for birch and alder
densities (Table 1).

Table |.--Nunmber of seedlings per square neter by
treatnent type, 1985 survey (Mean ¥ 1 SE, n = 60)

Tr eat nent Spruce Birch Al der

Scarified
Clearcut 35.2 (2.15) 28.1 (2.29) 2.5
Shel t er wood 35.8 (2.03) 29.9 (2.09) 3.6 (0.53)

Unscarified
Clearcut 2.9 (0.60) 1
Shelterwood 2.9 (0.60) 0.

Spruce, birch and alder frequencies are shown in
table 2. Frequency is defined as the percent of
square-nmeter plots with at |east one seedling of
a given species.

Tabl e 2.--Percent frequency of seedlings in square~
neter plots (n = 60 per treatment)

Tr eat ment Spruce Bi rch Al der
Scarified

Clearcut 100 100 46

Shel t er wood 98 98 78

Unscarified
Clearcut 68 32 5
Shel t er wood 63 19 3

The spruce seedlings ranged in height in 1985
from1l to 64 inches (0.3 - 1.6 m) on scarified sur-
faces, and from5 to 72 inches (0.13 - 1.8 m) on
unscarified surfaces.

The seedlings that were released in the spring
of 1986 showed significantly nore dianeter growh
(p € 0.001) in a single growing season than

seedlings growing in unthinned control areas:

control thi nned
Di ameter growth (nmm
in 3 units (Mean t
1 SE, n =50 for
each val ue)

0.90 (0.10)  1.89 (0. 12)
0.72 (0.06)  1.41 (0.12)
0.67 (0.08)  1.00 70.09)

DI SCUSSI ON

Scarification significantly increased white
spruce seedling density and frequency in this
study. An unexpected result was that spruce es-
tablishment was good even on unscarified surfaces.
If 60 percent milacre stocking is the criterion
for acceptable stocking, stands on both scarified
and unscarified surfaces were nore than sufficient-
Iy stocked. This is nmost likely due to the com
bi nation of two factors: the small di mensions of
the harvested units, and the |arge seedcrop that
fell in the months after scarification was com
plete. One way to |look at the inportance of small
harvesting unit dinensions is to consider the num
ber of seeds required by each seedbed type to pro-
duce one established seedling. A nmineral soil
seedbed nay need only 5 or 10 seeds per established
seedling, while a seedbed on unscarified forest
floor may require 100 or even 1000 seeds to produce
a single established seedling. To maximze the
chance that unscarified surfaces throughout the
entire cutting unit receive enough seed, units
should be laid out so that no point is nmore than
200 to 300 feet (60 - 90 m) from a seed source.

I't has been recommended that clearcuts be no nore
than 400 feet (120 m) wide if natural regeneration
is to be relied upon (Zasada 1972).

Seed regeneration of the conpeting species, birch
and alder, is also favored by the same cultural
practices associated with the successful regenera-
tion of white spruce. In this case, scarification
i mproved conditions for birch establishment even
nore than it did for spruce. Scarification in-
creased spruce frequency by 50 percent, while it
led birch frequency to increase by 300 percent in
clearcuts and by 500 percent in shelterwoods.

Ot her scarification nmethods, such as renoving only
part of the organic layer, or tilling the substrate
to make a seedbed of mixed organic and nineral soil,
may provi de conditions that give spruce seedlings
the advantage over birch. Various new scarifica-
tiou systens are being tested now in Al aska with
just that goal in mnd. Alternately, one can
attenpt to control the conpeting species' seed
source. As yet, this technique has not been tried
in Al aska.

This study produced excelllent Spruce regenera-
tion on both scarified and unscarified surfaces.
The scarified areas, though, are severely crowded
with a conbined spruce and birch density of 60
seedl ings per square neter. A lowlevel manage-
ment plan would allow the crowded seedlings to
self-thin, with the dom nant seedlings gradually
establishing thenselves as the donminant trees.

A nore intensive managenment plan woul d seek to
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ensure that each dominant spruce seedling was
free to grow. Such a plan night call for clean-
ing out the conpeting vegetation and thinning
the spruce seedlings. The results from the first
season cleaning and thinning study denonstrate
that overcrowded spruce seedlings respond rapidly
to being rel eased. The utilization of interior
Al aska's forests is not yet intensive enough,
however, to warrant such intermediate treatnents
on a large scale.
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A System Approach to Structural Design

of Roof Assemblies?!

Moni ca MCarthy and Ronald Wl fe’

Abstract. --Current design procedures for light-
frame residential roof assenblies do not en-
courage the nost efficient or innovative use of
material. These procedures are based on proper-
ties of each individual menber without concern
for interactions between nenbers. At the Forest
Products Laboratory we are devel oping analytical
structural nodels that will eventually lead to
system oriented design. W tested four full-
scale roof assenblies to failure to verify these
roof assenbly nodels.

These structural nodels will be useful to those
involved in devel oping design recomendations.
The models will help evaluate the effects of
factors such as lunber strength and stiffness,
roof pitch, truss configuration, span, sheathing
properties, and connector properties on roof
assenmbly performance. Significant inprovenents
inmterial utilization could result from design
changes based on this sensitivity analysis.

Keywords: Structural nethods, wood, roof assenblies.

Communi cation between forest researchers and
wood products researchers is extremely inportant.
There are nmany areas where wood products research
overlaps forestry research. Conservation of
resources can be enhanced by nore efficient
design and use of material. The devel opnent of
reconstituted wood products (small pieces of wood
hel d toget her by adhesives) allows for use of
tinmber previously considered waste, and pernits
use of smaller dianeter trees. Use of hardwoods
is another area of interest to both foresters and
forest products researchers. There is a great
deal of potential for exciting and creative
research devel opments, especially when comuni-
cation across disciplines is encouraged. At the
Forest Products Laboratory, in the structural
research area, we are investigating ways to use
wood nore efficiently and innovatively for struc-
tural purposes.

There have been many barriers to using wood in
hi ghly engineered structures. The nain barriers
have been concern about decay, insect damage, and
fire resistance. Qher barriers include its
variability and size linitations. The size of a
pi ece of lunmber has traditionally been linited by
the height and width of the tree fromwhich it is
cut. Knots and other irregularities (grain
orientation, varying growh rates) make the per-
formance of an individual piece of |unber vari-
able, which necessitates conservative approaches
in design.

To be presented at the synposium "Current
Topics in Forest Research: Enphasis on
Contributions by Wnen Scientists.”

"CGeneral Engineer and Research General Engineer,
respectively, U'S. Department of Agriculture,
Forest Service, Forest Products Laboratory,

One Gfford Pinchot Drive, Mdison, W 53705-2398

There are al so factors which speak in favor of
wood. It is by its nature a structural material,
because it must support itself as it grows verti-
cally. It has a high strength to weight ratio
relative to other materials such as steel. It is
very easy to work with, and in many cases large
wood tinmbers are actually nmore fire resistant
than steel. .The devel opment of preservative and
fire resistant treatments for wood has reduced
difficulties with decay, insect damage, and fire
resi stance.

The devel oprent of pl ywood, glul am beans, and
other wood products which conbine several pieces
of lunber with the use of adhesives has revol u-
tionized the wood products industry and opened
the door to seemingly unlimted potential for
engineered use of tinber. Not only are the size
limtations overcone, but with the dispersion of
characteristics such as knots, the variability
probl em can be greatly reduced. There are areas
now in the comercial market where engi neered
wood products are or could be conpetitive with
steel and concrete.

Even with the performance of single nenmbers
nore reliable and predictabl e, understanding and
predicting the performance of full structures
is another step. As a start in that area, we
are looking into the performance of Ilight-frame
residential structures. W, in cooperation with
others, are developing structural models for
light-frame residential floors, walls, and roofs.
The purpose of these nodels is to inprove our
understanding of the performance of these systens
which will eventually lead to nore efficient
structural design, as well as innovations in
designs and types of materials used.

Because wood has been seen as having limted

potential for sophisticated engineering design,
much of present residential wood design is based
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on tradition. The evolution of wood structures
over the past 200 years has been guided by those
i nnovations which reduce construction |abor costs
rather than those which inprove structural effi-
ciency. Roughly 150 years ago, the introduction
of mass produced steel nails led to the shift
from heavy timber, post, and beam construction to
light-frame platform construction. This was a
maj or change to construction methods, but not
necessarily an inprovenent to structural per-
formance. The popul ar residential building form
used today remains the same as it was in the
early 1800's. Mre recently, the replacenent of
board sheathing with wood-based panels, and the
use of light-frane trusses to replace solid-sawn
lunber rafters and joists (fig. 1) were also changes
adopted primarily for |abor saving purposes.
Because there has been a plentiful supply of
tinmber at a relatively | ow cost, by conparison

to other materials, there has been little need
to inprove the material efficiency of wood
structures.

RAFTER

(a) RAFTER ROOF ASSEMBLY

WEB MEMBER UPPER CHORD

L =
LOWER CHORD

(b) PREFABRICATED TRUSS WITH METAL PLATES

ML8S 5381

Figure 1. --Typical roof configurations. (a) Rafter
roof assenbly; (b) prefabricated truss with netal
pl ates.

CURRENT DESI GN PROCEDURES

Current design procedures consider each element
of a structural assenbly to be acting independ-
ently. For exanple, each rafter of a roof
assenbly is expected to support an equal share
of a uniformy distributed load. Little recog-
nition is given to the possibility that |oads
may be distributed away froma weak nenber within

the assenbly. In addition, when one considers an
entire structural system assenbly interactions
(floor, wall, roof) may also affect |oad distribu-
tion. For exanple, a limber wall may create roof
problens if the roof is allowed to spread apart
too easily at the ends.

Because of its high degree of variability, and
the assunption that menbers act independently,
current design nethods assume that each nenber has
a near mininum strength for its grade. This is an
exanple of the built-in conservatism in current
design, which also allows for a confortable
margin of error.

Currently accepted design nethods discourage
the devel opment of innovative systenms. If
soneone wants to design an innovative system
that relies on assenbly interactions to provide
the safety margins required by current design
codes, they have the option of building and
testing the system to denonstrate its |oad
capacity. Such tests are prohibitively expensive
and rarely used for large systens.

ROOF ASSEMBLY TESTS

In order to learn nore about system performance
and to provide a data base for validation of
conputer nodels, we built and tested two rafter
roof assenblies and two trussed roof assenblies
(fig. 1). Rafter assenblies are an older form
of roof construction where ceiling joists (the
bottom hori zontal pieces) are nailed to rafters
(the top pieces to which plywod roof sheathing
is attached) at the construction site. Trussed
roof assenmblies are made from prefabricated
trusses held together with netal truss plates.
In this report we will discuss the test results
of the trussed roof assenblies.

The two trussed roof assenblies were simlar
except for their pitch--one had a 3/12 pitch
(3 in. of rise for every 12 in. horizontally)
and the other had a 6/12 pitch. Each roof
assenbly was built with nine trusses (fig. 2).
Trusses were fabricated so that some were inten-
tionally made from low stiffness material, sone

Figure 2. --Test setup for roof assenbly tests.



from medium stiffness material, and some from
high stiffness material. The purpose of this
was to exaggerate stiffness variability to eval-
uate its effect on assenbly performance.

W neasured | oads, deflections, and sheathing
nail slips, a total of 96 data values for each
| oad increnment, as we |loaded the trusses to their
design load. Before assenbling the roof, each
truss was |oaded individually outside the
assenbly. This sinulates the performance that is
assumed in current design procedures. Once the
roof was constructed, trusses were |oaded individ-
vually in the assenbly. This type of |oad would
occur in real life when, for exanple, bundles of
shingles are piled on the roof or a person is
wal king on the roof. Finally, we |oaded all the
trusses in the assenbly simultaneously. This
simulates a snow |oad on the roof.

Figure 3 shows how the trusses deflected at
design load for the three types of |oadings.
Trusses appeared stiffer when | oaded individually
in the assenbly than when they were |oaded
individually outside the assenbly. This was due
to the stiffening effect of the plywood and [ oad
distribution. Each truss loaded individually in
the assenbly actually carried only 40 to 60 per-
cent of the applied load. The end trusses
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Figure 3. --Deflections for the 6/12 roof system at
33 pounds per square foot design |oad.

deflected nore because load could only be dis-
tributed in one direction (toward the inner
trusses), and so they carried a higher proportion
of the applied load. Wen the full assenbly was
| oaded, trusses deflected nore than they did when
| oaded individually in the assenbly, because all
trusses were | oaded and |ess |oad could be -
distributed to adjacent trusses. In both |oad-
ings within the assenbly, the variability in

defl ections anmobng trusses decreased. This means
that the nmore linber trusses carried less |oad
than the stiffer trusses. Thus, provided that
stiffer trusses are also stronger, roof assem
blies have sone built-in safety valves.

W also learned that the end wall stiffness is
very inportant. This is an indication of inter-
action between subsystens (how wall performance
affects roof performance).

MODEL DEVELOPMENT

These tests provided useful and interesting
information, but they were very specific to the
particul ar roof assenbly design and | oading con-
ditions used. In cooperation with the Forintek
Corp. of Canada we are devel oping conputer nodels
that will simulate roof assenbly performance.
Once these nodels are validated with experinental
tests they can be used to nodel many different
roof assemblies, and to evaluate effects of
factors such as lunber strength and stiffness,
roof pitch, truss configuration, span (length),
sheathing properties (e.g. plywod thickness),
and connector properties (e.g. nail dianeter,
truss plate area).

As new materials and designs are devel oped, an
initial determnation of their viability can be
nmade with a conputer nodel rather than an expen-
sive structural test. For exanple, structural
model s may facilitate the devel opment of recon-
stituted structural wood products made from
har dwoods.

SUMMARY

In wood roof systems, interactions exist which
are not accounted for in current design methods.
Devel oprment of structural nodels will enable us
to quantify and learn nore about these inter-
actions, thus pronoting nore know edgeabl e and
efficient design of wood structures as well as
providing potential for innovative design.
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Strength of Mechanically Fastened

Wod Connections?!

Marcia Patton-Mallory?

Abstract. --Some of the nost highly stressed area.
of a wood structure are in the vicinity of
mechani cal fasteners. Consequently, the nmajority
of structural failures initiate at the fastener
or in the connection areas. The focus of the
ongoing, and nost recently conpleted, research at
the USDA Forest Products Laboratory in the

Engi neering Design Criteria Research Work JUnit
is to understand the strength of nechanically
fastened wood connections. The anal ysis methods
used included a European based "Yield Theory"
whi ch describes nechanisns of failure for bolts,
nails, and lag screws considering fastener yield
strength, wood crushing strength, and connection
geonetry. Additionally, fracture mechanics

anal yses are being used to predict connection
failures where crack propagation is the primary
mode of failure. This analysis is used where
fastener end-distances and spacing control con-
nection strength. The results of this research
are used as a basis for wood connection design
criiteria, published by the National Forest
Products Associ ation, which are subsequently
incorporated in the Uniform Building Code and

| ocal building codes.

Keywords:  Wod connection, nechanical fastener,
nail, bolt, design criteria, wood joint, tinber
construction.

Mechani cal fasteners used in wood construction
are famliar to any person who has ever driven
a nail to connect two pieces of wood, used
screws or bolts, or seen the toothed steel plates
commonly used to connect menbers of wood trusses.
Because of our familiarity with these fasteners
we often take their behavior for granted.

Wiat is the significance of mechanical fas-
teners, and why do scientists study their
behavior? The history of nechanical fasteners
use in connecting wooden nenbers dates back to
ancient Egypt and Rone where wood building con-
nectors were iron, copper, or bronze nails.
Viking ships were built using copper nails.

Fast eni ng of wood has been indi spensabl e since
the earliest times of civilization. Even today
our industrial progress depends upon our ability
to fasten things together. Like the principle of
a chain being no stronger than its weakest Iink,
an item nmade of wood is no stronger than the con-

nections holding it together. In fact, it is ny
intention to help you realize that connections in
wood structures nmany tines do, in fact, limt the

strength of the structure.

The concept of fastening wood using mechanical
fasteners is a sinple one, however, the behavior

1T be presented at Current Topics in
Forest Research Enphasis on Contributions
by Wmen Scientists.

2Research Engi neer, Engineering Design
Criteria, USDA Forest Products Laboratory,
One Gfford Pinchot Drive, Madison,
W 53705-2398.
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of the fastener in a wood connection is extrenely
conpl ex. Despite this conplex behavior, sinpli-
fied design guidelines exist for designing wood
connections wutilizing mechanical fasteners. The
current design information is based on |aboratory
tests of ideal connections. For the nost part,
wood connection performance has been satisfactory.
However, according to forensic engineers who
investigate failure of wood buildings, over

90 percent of failures occur in the vicinity of
the connections.

VIRY DO WOOD CONNECTI ONS FAIL?

There are many reasons why the connection has
a higher failure rate. First, the connection is
an area of high stresses. Wen nost nechanical
fasteners are installed, part of the wood menber
is renoved and the netal fastener transmts |oad
by interacting with only a small area of the wood
cross section. Fasteners which are installed by
driving, such as nails and truss plates, initiate
small splits in the wood which also create areas
of stress concentration.

Second, tensile strength of wood in the direc-
tion perpendicular to the grain severely limt
the strength of many connections. The detailing
of connections during design and installation can
have significant strength-reducing inplications.

Finally, but not least inportant, is the |ack
of basic understanding of how the |arge nunber
of in-service factors interact to increase the
nom nal connection stresses. For exanple,
shrinkage perpendicular to the grain in nultiple
fastener connections can cause shrinkage stresses



whi ch result in connection failure at |oads well
bel ow the design load. Slight eccentricities

in a group of fasteners can cause the connection
to performas a sem-rigid connection (a connec-
tion that transnits nonent) which can cause
stresses perpendicular to the grain to exceed
perpendi cul ar-to-grain strength, failing

the connection. Connection spacing and end
distance requirenents assume that sound wood
exists near the end of the nenber. However ,
in-service drying can cause significant end
splits to develop. Also, wood contains numerous
knots and other naturally occurring defects which
are also areas of high stress. The probability
of these factors occurring sinultaneously, and
their synergistic effects are inportant real life
desi gn concerns.

WHAT | S THE FOCUS OF FPL RESEARCH ON
CONNECTI NG WOOD?

Research relating to connecting wood is pri-
marily spread among three research work units
(RWU's). These are (1) Engineering Design
Criteria, (2) Engineered Wod Products and
Structures, and (3) Inproved Adhesive Systens.
The majority of the nechanical fastener research
in the Engineering Design Criteria RAW is on the
common fasteners: bolts, nails, and lag screws.
The Engi neered Wod Products and Structures RAJ
conducts a limted amount of research on behavior
of truss plated connections. Their research on
truss plated-connections is usually limted to
the necessary testing of specific connections for
input into floor and roof analysis conputer pro-
grams. Truss plates are proprietary products,
therefore, their design information is supplied
by the plate manufacturers.

Ti mber connectors such as split rings and shear
plates are used in some tinber structures.
However, there has been less demand for inforna-
tion on these types of wood connectors conpared
to information on design criteria for the common
fasteners.

Wood joinery was used commonly in early wood
construction, but is seen mobst comonly now in
furniture. These connections include the nortise
and tenon, dove-tail, and finger joint. Only the
finger joint has been studied as an engineered
wood connection during recent times at FPL.

The Inproved Adhesives Systems RW conducts
research on performance of adhesive connections,
and with the Engineering Design Criteria RMJ, has
conducted isolated studies conbining adhesives
with mechanical fasteners.

WHAT | NFORVATI ON | S NECESSARY TO DESI GN
A WOOD CONNECTI ON?

There are three levels of conplexity in
desi gning an adequate wood connection. The three
research work units at FPL which are involved in
Wood Engi neering Research have vital and distinct
roles in understanding connection performance.

On the nost basic level are the material prop-
erties which ultimately limt the connection
capacity. Basic material properties and factors
whi ch affect these properties are prinmarily the
responsibility of the Engineered Properties of
Wod RWJ. As nentioned earlier, |ow tension
perpendi cul ar-to-the-grain strength is a nmajor
material property limting connection perfofm-
ance. Wod conpression strength parallel and
perpendi cular to the grain significantly affect
connection strength and stiffness behavior.

A second |evel of conplexity exists by con-
sidering the way the fastener transfers |oads
between nembers of the connection. Ceonetric
variabl es include spacing, end distance, bolt
bearing area, size and alignment of bolt holes,
and the relationship between |oading stresses and
grain orientation. Engineering Design Criteria
RW consi ders these variabl es by considering the
connection as a single entity. How does a bolt
fail? How do the stresses in the vicinity of the
fastener hole combine to cause failure? Wat
kinds of deformations can be expected from a
typical connection type in different species of
wood? How nuch do connections creep under |oad,
and is the "load duration" effect the sane for
connections as is used for solid wood nenbers?
Wien small flaws exist in the vicinity of a
nechani cal fastener, at what stress does the flaw
grow to a significant crack causing fracture of
the wood and failure of the connection? These
are the questions we seek to answer.

There is a third level of conplexity which
consi ders the connection as one type of menber
in a structure made of many types of nenbers.
Research in the Engineered Wod Products and
Structures RAJ evaluates the performance of wood
structures using information about the way each
part of the structure interacts and perforns.

For the adequate design of a wood structure, the
connection nust transfer |oads between nenbers
and eventually to the foundation. This research
conmbi nes beam colum, sheathing, and connection
per formance to nmodel conplete roof, floor, and
wal | systens.

For exanple, strength and stiffness of the
fasteners between sheathing and the wood frame
of a shear wall are critical to wall performance.
The consequences of inadequate shear walls are
critical considerations during earthquakes and
high winds. As part of ny graduate research |
tested shear wall panels to evaluate shear stiff-
ness and shear strength of the wall as a function
of sheathing and fastener type. (Patton-Mllory
and others 1984 and 1985). Subsequently, we
verified a shear wall stiffness nodel using
the same wall test data (Patton-Mllory and
McCutcheon 1986). The stiffness nodel can eval-
uate shear wall performance for walls with tw
different sheathing types, e.g. plywod on the
exterior and gypsum on the interior surface. The
results of the shear wall research can be used by
building code officials and others to evaluate
sheathing required to achieve acceptable shear
performance in the walls of a structure.
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THE EUROPEAN "YIELD THEORY" RESEARCH EFFORT

The bul k of our current fastening research in
the Engineering Design Criteria RWU is to
devel op adequate conmputer nodels to predict how
connections deform and fail when |oaded. Even-
tually, we will be able to conduct the majority
of connection tests using the conputer, saving
| aboratory testing for model devel opment and
verification.

One research effort is to put all dowel-type
fasteners on a conmon anal ytical basis. The
Eur opean conmunity has been using a "Yield
Theory" to describe the performance of dowel-
type connections. In the term dowel -type con-
nection they include nails, bolts and lag screws.
Briefly, the Yield Theory eval uates fastener
yield using the yield strength of the netal
fastener and the bearing strength of the wood.
Yield strength is the | oad beyond the |inear
el astic connection performance, and can be con-
sidered maximum fastener |oad for nost practical
purposes. A visiting scientist from Norway,
Professor Petter Aune, studied the applicability
of the Yield Theory to typical connections in
U S. construction (Aune and Patton-Mallory
1986a,b).

The Yield Theory explains some of the enpirical
adj ustment factors that we currently use for
connection design. For exanple, when designing a
bolted joint with steel side plates, the deforma-
tion in the connection occurs primarily in the
wood main member, and is significantly less than
the deformation seen in a bolted joint made
entirely of wood. The Yield Theory predicts a
25 percent increase in yield | oad when wood
bearing is the primary node of failure. Wen
bolt bending is the primary failure node, a much
smaller increase is justifiable (Soltis and
WIkinson 1986). By using analytical nodels
rather than relying on experinental data, we can
better understand which factors influence con-
nection performance, and properly account for
these factors in our design criteria. The nost
significant inpact from adopting the Yield Theory
is to bring all sinilar type fasteners together
with a common analytical basis. This should
result in more uniform reliability of connection
design criteria.

A second research effort involves using frac-
ture nechanics to predict connection failure
due to propagating cracks. In this research |
evaluate critical end distances and spacing of
bolted connections. The nodel is being devel oped
cooperatively with Professors Steve Craner and
Bob Rowlands at the University of Wsconsin.
Fracture nechanics is an area of engineering
analysis that evaluates how small flaws grow to
critical cracks, and lead to eventual structural
failure. Applications of fracture nmechanics to
the performance of wood products have existed in
the literature for many years (Patton-Mllory

9

and Cramer 1986), but have not had significant
effect on how we design wood structures. The
intent of our cooperative effort is to use
fracture mechanics principles and wod material
properties to better understand stress concen-
trations and failure process in the vicinity of
mechani cal fasteners.

Conplinmentary to the spacing and end distance
research is the need to predict |oad distribution
anmong fasteners in a nultiple fastener connection.
This research also involves devel oping a conputer
model to describe the distribution of |oad among
fasteners in a nmultiple fastener connection as a
function of material properties and connection
geonetry. Historically, the majority of research
has been conducted on single fasteners. The
single fastener data are used to design connec-
tions containing multiple fasteners. Sinply
derived nodification factors account for nultiple
fastener connection strength being |ess than the
sum of individual fastener strengths. However,
significant fabrication effects exist in nmultiple
fastener connections. Mst bolt holes are over-
sized to allow easy installation of bolts, and
to account for small misalignnents. \Wen the
connection is |oaded, the oversized holes cause
fasteners to cone into bearing at different
| oads, resulting in one or two bolts carrying the
load in a connection designed for 4 bolts. This
causes the loaded bolts to exceed their design
load. This phenonmenon is thought to be the cause
of recent building failures which involved |arge
wood beams with nultiple bolt connections. CQur
future research will investigate ways to mninize
this problem

FROM RESEARCH TO DESI GN CRI TERI A

How does the research we conduct on mnechanical
fasteners find its way into the handbooks and
bui I di ng codes which are used by buil ding
designers? The building designer relies
primarily on a local building code. Local
codes rely on wood design information from the
"National Design Specification for W.od
Construction" published by the National Forest
Products Association (NFPA). NFPA uses results
from research conducted at the Forest Products
Laboratory, as well as research from universities
and other sources, to specify design criteria for
wood connect i ons.

To summerize, the research on nechanical
fasteners at the Forest Products Laboratory
involves the expertise of many people. My
contributions are primarily in the area of
spacing and end distance effects, including
applications of fracture mechanics to predict
failure, load distribution and strength of
multiple fastener connections, and applications
of the European Yield Theory as a common nethod
to predict yield loads of all dowel-type
fasteners.
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Mdeling the Effect of Misture Content
on the Flexural Properties of

D mensi on Lunber'

Carol L. Link?

Abstract. --Misture content of a piece of |unber
affects its flexural properties. ‘Until recently,
the only procedures available to adjust flexural
property val ues of dinension |unber to sone
conmon noi sture content were based on data from
small, clear pieces of wood or nean val ues of
smal | lunber sanples. Currently, these proced-
ures adjust property values by a fixed percentage
regardl ess of the piece's quality. Gven actual
data from dinmension |unber, this paper discusses
the nodeling of the effect of moisture content on
flexural properties of southern pine and how one
m ght judge the adequacy of a nodel. Traditional
nodel s were inappropriate for strength properties.

Keywords:  Analytical nodels, bending, nechanical
properties, nmoisture content, |unber.

This paper reports on the process of nodeling
flexural properties of dimension [unmber as a
function of noisture content. The nodeling
was done with published data on southern pine
(McLain and others 1984) and resulted in recom
mendation of nodels for use in various situations
(Geen and others 1986). A similar study was done
on Douglas Fir (Aplin and others 1986), resulting
in recomendati on of nodels for use with that
species.3 The recommended nodels are being com
bined to produce a procedure which is species
independent.? These noisture content studies
were initiated for two reasons:

--Concern about procedures currently used to
adj ust flexural properties for noisture content.
The current procedure (ASTM D 245, 1986) is based
on mean properties of small sanples of |unber
(Geen 1980) and is independent of |unber quality.
A procedure accurate over the entiredistribution
and based on larger sanples would be preferable.
In addition, some studies (Gerhards 1968, 1970;
Hof f meyer 1978; Madsen 1975, 1980) have indi-
cated that an adjustnent factor should be
dependent upon lunber quality--as was, in fact, the
case from 1930 to 1964 under the so-called "25 per-
cent rule.”

--The need of a reliable adjustment procedure for
data fromthe In-Gade program The In-Gade pro-
gram is a large-scale lunber-testing program being
carried out in the United States and Canada.

"Presented at the Synposium on "Current Topics
in Forest Research: Enphasis on Contributions by
Wnen Scientists.”

2Mathematical Statistician, U S. Departnent of
Agriculture, Forest Service, Forest Products
Laboratory, One Gfford Pinchot Drive, Madison,
W 53705-2398.

3Green and others. Manuscript in preparation,
Forest Products Laboratory, Madison, W.

4Green and others. Manuscript in preparation,
Forest Products Laboratory, Madison, W.
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Because of the scope of the In-Gade program

some of the testing is carried out in the field,

on | unber which vary in noisture content from

one piece to another. These data will not be useful
Wi thout a procedure to adjust the flexural property
values to a common noisture content.

The procedures described in this report were
devel oped for four properties, using three sizes
of southern pine lumberinthree grades at four
target noisture contents:

G ades Si zes

Sel ect Structural 2 by 4

No. 2 2 by 6

No. 3 2 by 8

Mbi sture contents Properties
G een Modul us of rupture
20 percent Modul us of elasticity
15 percent Flexural stiffness
10 percent Monent capacity

Coefficients for adjustment procedures for all
properties, sizes, and grades are given in Geen
and others (1986). Further details of the procedures
used in gathering and drying the lunmber are given in
McLain and others (1984). This paper is designed to
cover the modeling process used in devel oping the
procedures. For sinplicity, the discussion in this
paper deals only with one property (nodulus of
rupture (MOR)), one grade (Select Structural),
and one size (2 by 4). In the overall study
described in Geen and others (1986) for all
flexural properties, nodels were first derived
from data for each of the nine grade/size
conbi nations.  Then nodels were derived from all
the data sets sinultaneously.

The final section of this paper shows how to
assess the accuracy of these nodels.



THE MODELS

Several analytical models were tested for their
ability to predict the effect of noisture content
on flexural properties:

(1) A zero adjustment nodel.
(2) Constant percentage nodels.
(3) Strength ratio nodels.

(4) Weibull nodels.

(5) Surface nodels.

Al nodeling was based on the assunption that given
percentiles of the property distributions at one
moi sture content are adjusted to the correspond-
ing percentile of the property distribution at
another noisture content. Each type of nodel
contains a value of noisture content above which
the flexural properties do not change, known as
the intersection noisture content, M. Tradi-

tionally this value has been 21 percent for
southern pine, although Wlson (1932) shows that
this value varies with property for clear wood.
Gven the nodels considered in this paper, we
found no reason to change this value (Geen and
others 1986).

Zero Adj ustment Mbdel

This is the sinplest of all the nodels; no
adj ustnent for noisture content is taken.
Al though not an appropriate nmodel for our pur-
poses, it serves as a baseline against which
other nodel s can be conpared.

Constant Percentage Mdels

Constant percentage models do adjust for noisture
content, but the adjustnment factor is the sang,
regardless of the quality or size of the |unber.
Al current standard adjustnent procedures for
dimension |unber and for clear wood are of this
type. An exanple is the nodel devel oped by WIson
(1932) and given in the Wod Handbook (1974)
for small clears. This model for longleaf pine is
shown as the solid line in figure 1. The ASTM
D 245-81 (1986) adjustment factor for all species of
lumber is shown as the dashed line. Each of these
lines starts at 8,500 pounds per square inch
(1b/in.2), the value given for green (21 percent
moi sture content) longleaf pine in the Wod
Handbook. Note that the adjustment for snall
clears is much larger than the adjustnent for
lunber. To adjust a value of 8,500 Ib/in.* for a
green piece, i.e. a noisture content of 21 percent,
to 15 percent, one would follow the plotted |ines
and read off adjusted values of 12,000 I[b/in.* for
the small clears and 9,500 Ib/in.* for the ASTM
| unber.

The form of the constant percent nodels is
P2 = Fr’fPl wher e Pi is the property value at

moi sture content i, i =1,2, and F is the nois-
ture content adjustment factor. F is a function

only of the two noisture content |evels, M1 and

Mz' One coul d obtain |ines to adjust other

val ues by using the same constant percent, F, and
varying the initial property P, This yields a

set of fanning lines. One of these sets of |ines
for the ASTM | unber adjustment procedure is shown
infigure 2. Think of these lines as a set of
contours. \Wen you wish to adjust a property Pl
at noisture content M1 to the corresponding'
property at moisture content Mz’ you need to find

a contour which intersects the point (Ml’Pl)'

Fol l owi ng this contour along to M2 you are then
able to read off the corresponding property val ue
at the point (MZ’PZ)'

To deternine the noisture content adjustment
factor, F, for constant percentage nodels, one fits
a regression to all pairs of property value and
noi sture content values (M,P). Mand P w thout
subscripts denote general pairs of data points. The

noi sture content of the green sanples is replaced
by MP Three different types of regression

nodel s were used:

Li near P=a + b*M

t

Exponenti al P = exp(a + b*M)

Quadratic P=a+ b+ i

The noisture content adjustnent factor F to

adj ust properties from noi sture content Ml to M2

is F= PZ/PI’ wher e Pi is the value fromthe
equation at M i =1,2. The linear nodel will

give a set of linear contours (like the ASTM
lunber nodel), the exponential rmodel will give a
set of concave contours (like the clear wood
model ), and the quadratic nodel will yield a set
of convex contours if the value of ¢ is less than
zero, which was the case in this study. These
model s fit the average trend of the data. The
Select Structural 2 by 4 data plus the three
fitted lines are shown in figure 3. Data points
with noisture content values larger than 21 per-
cent are plotted at 21 percent, which is the value
of Mp. The linear nodel is shown as the solid

line, the exponential model as the short dashed
lines, and the quadratic nodel is shown as the
long dashed line. These three lines do not
differ by much, so they will yield simlar
adjustment procedures. To obtain a nodel inde-
pendent of grade and size, one nust fit the
three regression nodels to all the data, instead
of just a selected grade and size.

Strength Ratio Mdels

Strength ratio nodels assume that the noisture
adj ustment factor, F, depends on the strength
ratio of the lunber. The strength ratio is a
function of lunber quality. The "25 percent rule"
(fig. 4) is such nodel. The strength ratio of a
pi ece of |unber varies fromO to 100 percent and
is an estimate of the strength of the piece in
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conparison to one with no strength-reducing defects
such as slope of grain or knots. To be graded as
Select Structural, No. 2, or No. 3, the strength
ratio of a piece of lunber nust be greater than or
equal to 65 (67 for 2 by 4s), 45, and 26 per-

cent, respectively. If the strength ratio is

bel ow sone cutoff val ue, Voo here 50 percent,

then F =1, i.e. no adjustnent is taken. The

maxi num adj ust ment, F*, occurs for pieces with
strength ratio of 100 percent, here F+ = 1.25, i.e.
a 25 percent increase from green to 15 percent

moi sture content.

The southern pine data set gives us little
information from which to choose a form for an
adj ustment factor dependent upon strength ratio,
because 55 percent of the data had strength ratios
above 90 percent (even though only approxinately
one-third of the data is Select Structural wth
the other two-thirds being No. 2 or No. 3).
Therefore we assumed that F had a value equal to
one bel ow sone cutof f, Voo then curvilinear (like

the 25 pct rule) or linear until it reached a
value of F* at 100 percent strength ratio. The
cutoff values chosen were 0, 26, 45, and 50 per-
cent. The values of 26 and 45 percent correspond
to the mninum acceptable strength ratio val ues
for No. 3 and No. 2 grades of structural |unber,
respectively. The value of 0 percent gives a
nonzero adj ustnent factor for every piece, and the
50 percent value corresponds to the value used in
the 25 percent rule.

Gven the assumed form of the strength ratio
model s, all that was left to nodel was F* as a
function of nmoisture content. To do this, pieces
with strength ratios of 100 percent were selected.
As with the constant percent nodels, the property
values were nodeled as a function of noisture
content by using either the linear or exponential
nmodel .  Because grade is assuned not to be a factor
(having already been taken care of with strength
ratio), the nodels of F* were done by size or
with all the data. As an exanple, the MOR of the
2 by 4 data with strength ratios of 100 percent
are plotted in figure 5 against noisture content
with the fitted linear (solid line) and exponen-
tial (short dashed line) nodels. Again either
the linear or exponential MOR/moisture content
relationship will give simlar noisture content
adjustnment nodels. A quadratic model could have
been used, but the results would not differ
significantly from the exponential or |inear

model . The val ue of F* going fromgreen to any
other noisture content is plotted in figure 6 for
the exponential nodel. At 15 percent noisture

content this mean value is 1.23 which conpares
favorably with the value of 1.25 from the

25 percent rule. To obtain a nodel independent
of size, one nmust fit the nodels of F*, using all
the pieces with 100 percent strength ratio
instead of just one size.

Wi bul | Mbdel s

This type of nodel is obtained by first fitting a
two- paraneter Weibull distribution to each of the
36 grade/sizel/ noisture groups. The distributional
parameters are given in McLain and others (1984).

The fitted two-parameter Weibull distribution is
plotted with the data for Select Structural 2 by

4, 20 percent nmoisture content group in figure 7.

The two paraneters of the Weibull distribution are
known as the shape and scale paranmeters. The shape
and scale parameters were then nodeled as a quadratic
function of noisture content. The shape and scal e
paraneters for the Select Structural 2 by 4 data and
fitted quadratic curves are given in figure 8. Then
the property val ue, PZ’ at noisture content Mz,
given the property val ue, Pl’ at noisture content M

IS:

(b, /b))
_ 172
P, = a, (Pl/al)

wher e a, is the estinated scal e paranmeter and bi

is the estimated shape parameter at nmoisture
content i, i =1,2. Wibull nodels fit to each
grade/ size conbination contained six coefficients
each (two paraneters, shape and scale, each

nodel ed by a quadratic equation which has three
coefficients). Therefore, there are 54 coeffi-
cients when considering all the data (9 separate
grade/ size conbinations). Using analysis of
variance, we were able to reduce this nunber of
parameters to 19, but the resulting nodel is
still dependent upon grade and size. To use a
Wei bul | nodel for grades and sizes which were

not tested requires some assunption of how the
coefficients vary across grades and sizes. Sizes
could be nodel ed using nonminal values--3.5 5.5,
and 7.25--but there is no clear nunerical con-
version for grade.

Surface Mbdels

A surface nodel is obtained by fitting a surface
to the relationship between MOR and novisture
content. In these nodels, we attenpted to find
contours that were simlar to how the underlying data
behaved. For exanmple, a visual summary of the
Select Structural 2 by 4 data is given in figure 9.
For each of the four groups of data (target noisture
contents of 10, 15, 20 pct and green), 21 percentiles
(2nd, 5th, 10th, . 90th, 95th, and 98th) are
plotted versus the average noisture content for that
group. The green group is plotted at 21 percent
nmoi sture content. Now if we join |ike percentiles,
this fornms a target of what our contours shoul d | ook
like with perhaps some smoothing. Some of these
contours look as if they could be fitted with a
straight line; others look as if a quadratic equation
woul d be necessary. So we fitted |inear and
quadratic surface nodels, depending on whether the
fitted contours appear in a linear or a quadratic
format. In this paper, only the quadratic surface
model s will be discussed.

A quadratic nmodel was fitted to each of the
21 percentile sets, each consisting of 4 pairs
of points, nentioned above. Next, the coeffi-
cients of the quadratic and linear terms were
plotted versus the predicted MR val ues at
15 percent noisture content using the quadratic
equations (figs. 10 and 11). Sone baseline
noi sture content nust be chosen, but the choice
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of 15 percent was arbitrary. Now a cubic func-
tion was fitted to these points. Contours using
these fitted coefficients are shown in figure 12.
Contours for small values of MOR do not behave
nicely because there is no Select Structural

2 by 4 data in this region. Gven any property

val ue P1 at noi sture content Ml‘ one needs to find
a contour that goes through the point L

The property val ue at M2 is then read off of this
same contour. In practice, these contours start
behavi ng badly near the extrenes of MOR Therefore,
the contours above and below the data were bounded
(fig. 13). (The bounding for higher MOR val ues woul d
be nmore apparent for |ower grades of |unmber because
for those grades there would be no data in that
region.) The |ower contours were not allowed to

be concave, and the upper contours are parallel to
the contour going through the predicted MR value at
15 percent nmoisture content of 14,000 1b/in.2
(essentially the upper bound of the data). To

fit surface nodels which are independent of grade
and size, coefficients were fit to 189 sets of
quadratic and linear terns (9 grade/size conbina-
tions each with 21 sets of percentiles) instead

of just 21 sets for each grade/size conbination.

ASSESSI NG THE MODELS

If no adjustnent for moisture content is made,
the curves of the MR distributions for the four
noi sture contents (green, 20, 15, and 10 pct)
are quite different (fig. 14). However, if each
of the four distributions were adjusted by a
perfect procedure to a common noisture content,
the four adjusted distributions woul d have exactly
the sane curve. The sinmilarity between the curves
of adjusted distributions would reflect the ability
of the procedure to nmodel the effect of noisture
content.

As nentioned, nodels were first derived using
only a single grade/size conbination and then
using all nine grade/size conbinations. For
simplicity, this report contains graphs only of
nodel s derived from Sel ect Structural 2 by 4 data
(see figs. 15 and 16). These nodels are then
conpared with those derived from all nine grade/
size groups (see table 1). Wen each of the four
data sets for Select Structural 2 by 4s are adjusted
to a moisture content of 21 percent (green) using
the quadratic surface nodel for Select Structural
2 by 4s, the cunulative distribution functions appear
to be quite simlar (fig. 15). A though the dis-
tribution functions are not identical, we did not
find other nodels that gave curves that were nore
sinmlar. Using the data from Select Structural
2 by 4s with the quadratic constant percent nodel
for Select Structural 2 by 4s yields a set of
cumul ative distribution functions that are slightly
more discrepant, especially at upper end (fig. 16),
but nmuch better than no adjustment. Strength ratio
model s were worse than any constant percent nodels.

Wi bul | models worked as well as the quadratic surface

model s but were not independent of grade and size.

Another way to characterize how well a nodel
does is to look at the maxi num absolute differ-
ences at selected percentiles between the four

data sets adjusted to the sanme noisture content.
Table 1 shows the maxinum absol ute differences in
MR at the 5th, 50th, and 95th percentile between
the four noisture content groups of Select

Structural 2 by 4s when those data were unadjusted
and when adjusted by two of the types of nodels con-
sidered in this study. The absolute differences
for the two nodel types are shown both for nodels
derived only from Sel ect Structural 2 by 4 data and
for nodels derived from the data of all nine grade/
size groups (nodels independent of size and grade).
Simlar results are found when adjusting the data to
anot her noisture content.

Table 1.--Maxi num absolute differences (1b/in.2)
for Select Structural 2 by 4 adjusted to green
(21 pct noisture content)

5th 95t h
per- . per -
Model cent- Medi an cent-
ile ile
No adj ust ment 2,210 4,150 5,590
Constant percent,
quadratic
Select Structural
2 by 4 530 310 750
Al nine grade/size 640 930 1,370
Surface, quadratic
Select Structural
2 by 4 560 230 450
Al nine grade/size 690 220 610

Some loss in precision occurs when going from an

i ndividual grade/size nodel to an overall nodel
which is independent of grade and size. However,
one would prefer a nodel independent of grade and
size, so that data from sizes and grades which
were not part of this study could be adjusted. A
model independent of grade and size would not have
to be changed if grading rules or standard dinen-
sions changed. Also, nodels specific to one grade
and size may overfit some of the peculiarities of
the given sets of data. This is why one night

use the quadratic surface nodel independent of
grade and size to adjust |unber property data.

It adjusts all parts of the property distribu-
tions alnost as well as a nodel dependent upon
grade and size.
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Figure 15.--Cumulative distribtution functions
for Select Structural 2 by 4 MR data after
adjusting data to green (21 pct noisture content)
by the Select Structural 2 by 4 quadratic surface
model :  solid line = green group, |ong dash =

20 percent group, nedium dash = 15 percent group,
short dash = 10 percent group. (M.86 5354)
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Figure 16.--Cumulative distribtution functions

for Select Structural 2 by 4 MR data after
adjusting data to green (21 pct npisture content)
by the Select Structural 2 by 4 quadratic constant
percent nodel: solid line = green group, |ong
dash = 20 percent group, nedium dash = 15 percent
group, short dash = 10 percent group. (M.86 5355)
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The production of naval stores was the first
mej or industry of the southern pine forests. The
industry extracted resin from pine trees and dis-
tilled it to produce rosin, turpentine, pitch,
tar and other products. Over the past three
centuries, naval stores have been used in the
construction of ships, paper sizing, perfunes,
adhesi ves, pharmaceutical supplies, plastics and
paints.

Li ke other forest products, the naval stores
industry provided enploynent for Blacks I|eaving
the plantation system during the Reconstruction
Era. Archeological investigations in other areas
of the Southeast have provided glinpses of the
social and economic nature of the plantation sys-
tem (OGto 1975, 1977, 1980; Singleton 1980).

Since the lunber and turpentine industry was
essential ly-an extension of the plantation system
(Shofner 1974, 198la, 1981b) relationships simlar
to those anpong the plantation owner, the overseer
and slave or indentured servant and |ater share-
cropper may be expected anmong the workers of a
naval stores operation. The follow ng discussion,
adapted from historical research of primary and
secondary sources, fornms the basis for establish-
ing the potential significance of archeol ogical
sites related to the naval stores industry in
Fl ori da.

Over the years the turpentiners evolved a
distinct society due to their usual isolation
(Hi ckman 1962). During the latter 19th and early
20th centuries, naval stores was an industry with
a routine of labor, [|anguage and life that was
distinct and often viewed as picturesque. A
typical day's work for a turpentiner was from
"kin to kant" (dawn to dark). He would rise about
4:30 a.m, eat a quick neal prepared the night
before, and head into the woods at first |ight.
Between 8:00 and 9:00 a.m the turnentiners ate
a light nmeal which also was prepared and packed
the night before. They worked until nearly sun-
down, then wal ked back to their quarters for
supper and honme chores. This ritual was perforned
five or six days per week denending on how fast

lpresented at the Symposi um on Current Topics
in Forest Research: Enphasis on Contributions by
Woren Scientists, Novenber 4-6, 1986, Gainesville,
FL.  Co-sponsored by the USDA Forest Service,
Sout heastern Station, and the Univ. of Florida.
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each got the prescribed job done (Schultz
1981:38).

As in the plantation system naval stores
onerations also had an overseer or foreman. Thi's
i ndividual, who made his rounds on horseback, was
called a "woodsrider." ‘oodsriders were generally
Caucasi an and their duties were to ingnect and
supervise the work at a turpentine stand. The
Bl ack workers were under the conplete control of
the woodsrider. In fact, it was said that a
woodsrider, snorting a oistol and whip, was the
law in those isolated areas.

The workers usually received conpany scrin or
metal tokens as wages. These were only redeem
able at the operator's conmissary which was
usual ly located at the turpentine distillery.

QG her fornms of noney could be acquired by trading
scrip at a discount, however, for mpst workers,
access to areas outside the turpentine camp or
distillery was forbidden. Saturday was generally
payday at the turpentine canp. Male workers were
pai d about $10 mer nonth, while fenmale workers,
naturally, received $2 less. The woodsrider,
however, received around $30 per nonth, which was
usual ly oaid in currency rather than scrip.

CGoods were usually nurchased on credit from the
conmi ssary whose keener affixed a high interest
charge. Thus, the workers were usually indebted
to the commany store, making their ability to
| eave the turpentine camps for other emnloyment
even less likely. The commodities supplied by the
conmi ssary system suggest that nost neals of the
wor kers nrobably consisted of cornbread, bacon,
bl ack cof fee and an occasional treat of baking
powder biscuits (Pridgen 1962:150). Berries,
grapes, Persimmons, nuts and other edible wld
plant foods were probably also gathered in season.

Housing and water were furnished as part of the
workers' comnensation. Because the trees began
to lose their productivity after several years,
turpentine camps were occupi ed temnorarily,
usual ly for a period of five years. Most of the
early trees were worked near rivers for easy
shinnent. Side camos and distilleries, where the
resin was processed into turpentine, began noving
into the interior portions of the forest when
railroad lines were commleted in the late 19th
century.

Most turnentine workers lived in shacks or

quarters grouped closely together or in rows to
nrevent the social isolation inherent in living
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alone in the woods, and to provide a better neans
of overseeing and controlling workers activities.
These rough lunmber shanties, occupied by both
workers and the woodsrider, were |ocated at side
canps and at the distillery.

Early shanties for the workers were often one-
room pole structures with no floor or w ndows.
If a worker's fanmily was large, a lean-to was often
added al ong one wall for additional sleeping space.
Each shanty occupant or fanily probably had a
smal | garden of vegetables to supplement their
diet.

Data conpiled during a land acquisition appraisal
of a Liberty County turpentine canp in the 1930's,
provides an indication of status differentiation
in the canp (USDA 1934). In addition to 27 box
and frame quarters to house 157 occupants and their
fam lies, the canp, enconpassing 640 acres, in-
cluded a conbination church and school, commi ssary
and cenetery.

The workers' shanties,valued at $10 each, were
22'x24' wood frame structures with at |east two
r 0omns. Housing for the foreman, however, con-
sisted of a six-roomdwelling nmeasuring 22'x407,
and was valued at $50. The apprai sed value of the
stable, shed and garage was equal to that of the
wor kers' shanties in the canp.

Wth few exceptions, archeol ogical renmains from
occupational areas of the side canp differ little
from those of the distillery site, since npst
commodities at both types of sites were nurchased
at the conpany conmi ssary. G ass and ceranic
remains constitute the majority of the utilitarian
materials associated with these sites. Ker osene
lantern gloves and bases, beverage and nedicinal
bottles, and ornate cut glass dinnerware are the
nost comon types of glass reflecting life at the
turpentine site. The greatest percentage of
utilitarian ceramics collected from these sites
is ironstone, with other types in |esser fre-
quenci es. The material renmmins associated with
a turpentine stand include isolated objects such
as beverage bottles, cups, tools, and other equip-
ment used during the operation of gum collection,
as well as an occasional domestic item

The socio-econonic conditions of turpentine
wor kers remai ned constant, despite a number of
technol ogi cal advances which inproved harvesting
and processing techniques. One of the major
devel opnments which drastically changed the industry
was the introduction of the clay collecting cup.

Initially, the gumor resin was collected in
"boxes" or collecting basins chopped into the
bases of trees with a broadaxe. A "streak" or
wedge- shaped groove was then cut into the face of
the tree above the box to allow gumto flow Each
week a new streak was cut to increase this flow
The box cavity was found to weaken the tree at the
base, leaving it vulnerable to disease, wind, and
fire and to lessen the value of the tree as tinber
for lunber.

Al t hough the boxing nethod renmined in common
use until about 1915, Charles Herty's 1904
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invention of the clay cup, initiated a new nethod
for collecting pine resin. A streak was made in
the tree and then an incision was cut into the face
where a gutter was fastened to direct the flow of
